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In a letter to President Ronald Reagan# dated Novenber 3rdr 1986,
President Jose Azccna Boyo, of the Japublic of Honduras, requested the
technical assistance of the U.S. Army Corps of Engineers with the
problem of agricultural flooding along the north coast of Honduras.
Discussions and correspondence between representatives of the

Government of Honduras and the Government of the United States
resulted in the tasking of the U.S. Army Corps of Engineers, South

Atlantic Division, Mobile District by the U.S. Southern Cowi to

provide a technical assistance t ein .

A two phase plan-of-action ws deveiqad through discussions between
representatives of the Corps' Mobile District Office (JrJO), U.S.
Southern comand Engineering (WM), and the Amrican Embassy Defense
Attache Of fice (DAO) in Honuras. Phimii I of the plan waompeted
on May lot, 1987, and m-ise of the dot* ruinat ion of appropriate
points of contact in Honduras, develalmer of a mtually acceptble
scope of work, and the estblishmet of an itinerary for the Phase II

team mission.

As a result of Phase I effortsr the United States Ambassador to

Honduras, the Honorable Everett Briggs# requested designation of a
single point of contact and coordination for the Government of

Honduras. President Azcona appointed Ingeniero Jose btilio Torres,
the Director General of Civil Works, for the Secretariat of
Communications Public Works and Transportation (SECOP!)r as the
representative for Honduras on north coast flooding. President Azoonan o
is a Civil Engineer also, and a colleague of Ingeniero Torres. A&I
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SBOPT officials identified six sectors along the north coast as

having agricultural flood problems of particular concern. Each sector
contained some portion of one or more major rivers along the coast as

follows: Sector One the Rio Choloma; Sector Two the Rio Ulua and
Chamelecon; Sector Three the Rio Lean; Sector Four the Rio San Juan
and several other rivers; Sector Five the Rio Papaloteca and several
other rivers; and Sector Six the Rio Aguan and Rio Chapagua.

Specific problems identified by SECOPT for each of the six sectors
were as follows: Sector One, flooding by the Rio Choloma of the town
of Choloma and downstream agricultural lands in the Sula Valley (of
particular concern was also past loss of lives at Choloma during
extreme flood events); Sector Two, flooding of economically important
agricultural lands along the Rio Ulua and Rio Chamelecon upstream of
Canal Melcher; Sector Three, flooding of land with rich soils and high
potential for agricultural development along the Rio Lean; Sector
Four, flooding by several rivers (the Rio San Juan particularly) again
of areas with rich soils and high potential for agricultural
development; Sector Five, flooding by numerous rivers (the Rio
Papaloteca particularly) of small agricultural areas in the vicinity
of La Ceiba; Sector Six, flooding by the Rio Aguan of highly
productive and economically important agricultural lands from the
Durango Bridge upstream to the town of Saba.

Phase II of the plan-of-action was completed on February 3rd, 1988.
This phase consisted of meetings and field reconnaissance by the

technical assistance team in Honduras. While in Honduras the MWD five
man team (consisting of Mr. Mathew Laws, Civil Engineer and water
resources planner as team leader; Mr. Kenneth Underwood, a hydraulic
engineer; Mr. Roger Gerth, a dredging engineer; Mr. Johnny Tyson, a
geotechnical engineer; and Mr. Ted McDonald, an agricultural
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economist) was assisted with logistics and interpretation by LTC Louis

Keith, U.S. Army, DAO, and LIC Elio Viara, Political Section, American

Embassy. A representative of SECOPT, Ingeniero Mario Alcides Moncada,

the Chief of SBDOPT's Department of Hydraulic Works, accompanied the

MIDO team on all field reconnaissance flights and meetings while in

Honduras.

Based on field reconnaissance, meetings and discussions with various

points of contact in Honduras and review of previous reports prepared

by others, the MIDO technical assistance team presented officials of

SECOPT and representatives of the American Embassy with a two-pronged

approach to the ultimate alleviation of north coast flood problems

during outbriefings before leaving Honduras. This approach consisted

of an early action plan and a future action plan, each to be
implemented by the Government of Honduras. It should be stressed that
the findinos and conclusions presented in this revort do not represent

feasiblility level reccmmendations of the Corps of Ennineers. But,

they are intended to provide an overall understanding of the problem
and indicate approaches to their resolution through more detailed
computational analyses.

The Corps' team concurs with the statement that serious flood problems

are being experienced in all six sectors identified by SECOPT. But,

both the Sula Valley (Sectors One and Two) and the Aguan Valley

(Sector Six) should be given special euphasis. Both areas are vital
to a robust Honduran agricultural economy, and therefore the future of
Honduras. Before large investments are mae to expand agricultural
development into new areas along the north coast, priority should be

allocated to the development of remaining less flood-prone lands and
enhancement of productivity in both the Sula and Aguan Valleys.

Current efforts by the Mtional Agrarian Institute (IM), SOODPT, and
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the Ministry of National Resources (MM) to increase aaricultural

productivity, reduce floodina, and encourage reforestation of slash-
and-burn umer basin agricultural areas. are aplauded and should be

The early action plan presented consisted of: intensifying efforts to
eliminate slash-and-burn agricultural practices in upper basin areas,

which results in erosion of top soils and heavy sedimentation in river
channels; establishing a water resources commission consisting of
representatives of organizations and agencies with major interests in
water project development, to provide a focal point for setting
programmatic priorities and phased development of multipurpose
projects (infrastructure development, agricultural development, flood
control, water supply, etc.); and installing a flood warning system in
the Rio Choloma basin, where flash flooding has resulted in numerous

deaths at the town of Choloma.

The future action Plan Presented consisteC of: conducting three

studies by SSCOPT for the economic evaluation and design of structural
flood control projects proposed by the team. These studies could be

followed by project implementation, if that was determined

economically feasible. Generally, the proposed projects include the
following measures: controlling flow from the Rio Ulua into Canal
Melcher and hydraulically dredging the Rio Ulua below Canal Melcher to
restore the original flow regime (to be accouplished with the Honduran

27-inch dredge operated by ENP at Puerto Cortes); constructing anI enlarged channel and levees along the Rio Choloma from about 3
kilometers upstream of the town of Choloma to a point about 12
kilometers downstream into the Sula Valley; and the constructing
additional relief openings in the Trujillo to Corocito Road elevated
fill crossing the lower Rio Aguan.

iv
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RBDNSANE REPORT

This report was prepared by the U.S. Army Corps of Engineers, Mobile

District, in response to a request mae by President Jose Azcona Boyo,

of the Republic of Honduras, to President Ronald Reagan. In President

Azcona's letter to President Reagan, dated November 3, 1986,
assistance by the U.S. Army Corps of Engineers was specifically

requested for the purpose of reducing the damaging effects of flooding

on agricultural production along the north coast of Honduras. Through

correspondence and discussions between officials of the Government of

Honduras (GOB), the U.S. State Department, the U.S. Department of
Defense, the U.S. Department of the Army, the U.S. Army Chief of

Engineers (US COE), the Corps of Engineers Water Resources Support

Center (WRSC), and the American Embassy in Honduras, the South
Atlantic Division (SAD) and, subsequently, the Moile District Office
(MDO) of the Corps of Engineers was tasked with providing the
necessary technical assistance by U.S. Commnder In Chief Southern

Command (CINCSO) Quarry Heights, Panama. Coordination between the
Government of Honduras and the U.S. Government team was provided by
the U.S. Embassy, Tegucigalpa, Honduras. The U.S. Government team

consisted of: LTC James Brink, U.S. CINCSO/SCEN Quarry Heights,

Panama; LTC Lewis Keith, U.S. Army Attache, Defense Attache Office,

American Embassy, Tegucigalpa, Honduras; LIC Elio Viara, Political

Section, American Embassy, Tegucigalpa, Honduras; Major Walter Ennaco,
U.S. COE MDC, Military Branch, Engineering Division; Mr. Mathew Laws,

U.S. COE MDO, Chief of Coastal Section, Planning Division; Mr. Ted

McDonald, U.S. COE MDC, Chief, Economics Section, Planning Division;
Mr. Kenneth Underwood, U.S. COE MDO, Hydraulics Section, Engineering



Division; Mr. Johnny Tyson, U.S. COE MD, Soils Design Section,

Engineering Division; and Mr. Roger Gerth, U.S. COE, MDO, Navigation
Section, Operations Division.

PUOSE QE R

Initial discussions between the MIO team, U.S. CINMSO/SCEN, and the
USDAO Tegucigalpa, Honduras, resulted in a two-phase plan of action to
provide the required technical assistance to the GOB.

Phase I - This phase consisted of a coordination visit by the 1DO team
leader to Tegucigalpa to establish points of contact within the GOB
and the U.S. Embassy, determine the exact nature of the required
assistance, determine future data required to couplete Phase II, and
arrange logistics and support for the Phase II team visit. Phase I
was conducted from 27 April 1987 to 1 May 1987. A copy of the Phase I

After Action Report is included in Appendix 'A" of this report.

Ph II - This phase consisted of a five-man team mission to Honduras
to participate in information gathering meetings with GOB points of
contact, joint GOB and MDO team field reconnaissance of problem areas,
followed by meetings and outbriefings on the MO team's assessment of
problem severity and potential alternative solutions. The Phase II
team visit was conducted from 25 January 1988 to 3 February 1988.

The purpose of this report is to document the coordination and field
reconnaissance conducted, generally describe the problem areas,
develop potential alternative solutions, recommend some near-term
implmentation plans, and present a frmiwork for developing long-term
plans. Further action on the contents of tis report would be the

remonsibilitv of the GOB.
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SOM)E AND AVAIlABL IT

The overall scope of this report was constrained by time, and was
limited to the utilization of available data supplemented by
preliminary engineering analyses only. The geographic regions along
the north coast of Honduras Investigated consisted of the floodplans
of five river basins: the Rio Ulua/Rio Chamnlecon, the Rio Choloma,
the Rio Leant the Rio San Juan, and the Rio Aguan/Rio Chapagua.
Specific attention was given to the river reaches from their
confluence with the Caribbean Sea upstream for a distance of about 30
to 50 kilometers (20-30 miles). The hydrologic, hydraulic,
geomorphological, and socioeconomic characteristics of each area were
investigated. Due to the preliminary nature of the study and this
report, no detailed engineering analyses or model studies were
performed. Also, although visual examination of bottom and local soil
conditions were made, no soil borings or soils tests were performed.

The information utilized during the study and in the preparation of
this report was obtained by aerial and ground reconnaissance during
both the Phase I and Phase II missions, by telephone inquiries to
private sector engineering firms and individuals with knowledge of the
problem areas, as well as formal briefings and meetings with officials
of the GOH and personnel assigned to the U.S. Ebassy and U.S. A.I.D.
in Tegucigalpa, Honduras. Topographic mapping of the north coast was
also available In several scales and contour intervals. The mot
detailed mapping available was at a scale of 1 to 50,000 with contour
intervals of 20 meters (65 feet). In addition to topographic mapping,
nautical charts with depth soundings in meters (shown to a tenth of a
meter) and in various scales down to 1 to 15,000 were also available.

S. The nautical charts were produced by the U.S. Defense mapping Agency,
while the topographic maps were from several sources: the Honduran

Vi



National Institute of Geography, the U.S. Department of Defense
Topographic Command, and, again, the Defense Mapping Agency. Other
information utilized during the study was extracted from water
resource reports previously prepared on two of the river basins, the
Rio Ulua and the Rio Aguan. Mapping available in these reports, for
specific basin areas where projects were proposed, wms available at a
scale of 1 to 5,000 with contour intervals dom to 0.2 meters (about 1
foot).

Specific points of contact utilized by the N0 team while in Honduras
consisted of officials of: the Honduran Secretariat of Communications
Public Works and Transportation (SBOPT), the National Institute of
Agriculture (INA), the National Port Authority (EMP), Standard Fruit
Company, USAID, COE MDO Area Office, the U.S. Embassy Economic
Counselor, the U.S. Embassy Army and Naval Attache, and the Inter-
American Geological Survey Honduras. Detailed information concerning
points of contact is contained in Section wD" of Appendix A'.

AREA S ( T

As a result of the Phase I mission, the Government of Honduras was
requested by the United States Ambassador to Honduras, the Honorable
Everett Briggs, to establish a more definitive scope of work for the
Phase II mission, and to establish a single point of contact for
coordination with the U.S. technical assistance team. In response to
that request, President Azcona identified Ingeniero Jose Emilio
Torres, the Director General of Civil Works for the SE(XPT, as the

representative of the Honduran Goverrnnt oan the issue of north coast
flooding.

Through discussions with Ingeniero Torres and Ingeniero Mario Alcides
Moncada, the Chief of the Department of Hydraulic Works under the

I
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General Directorate of Civil Works for SECOPT, it was determined that

the Government of Honduras had identified six uSectors" along the

north coast where agricultural flooding was of particular concern,

each consisting of the downstream reaches of several rivers. These

six "Sectors' are shown in Figure 1. More detailed drawings of each

Sector are included in the rear of this report on Plates Nos. 6

through 12.

Further discussion with SECOPT officials resulted in the

identification of specific problems within each Sector for the team to

address. These consisted of: in Sector One, flash flooding on the

Rio Choloma from the major bridge crossing at the town of Choloma

downstream into Sula Valley agricultural areas; in Sector Two, the

silting of the Rio Ulua from its mouth on the Caribbean upstream to

the Canal Melcher, which is intensifying backwater flooding in the

lower Ulua and lower Rio Chamelecon floodplains; in Section Three,

silting and meandering of the Rio Lean from its mouth on the Caribbean

upstream to about the town of Santa Maria, and a high groundwater

table, all of which is eliminating this extremely fertile floodplain

from being developed for agricultural purposes; in Se.toFou, again

the problem is silting of about five rivers and the lack of good local

drainage to allow agricultural development; in Sector Five, the

problem is flash flooding compounded by coastal littoral drift

plugging the river mouths prior to the rainy season (the team and

SECPT agreed Sector Five would not be included in the Phase II scope

of work); in sector Six, the silting of the Rio Aguan channel below

the Durango Bridge (the road crossing the flood plain which connects

the village of Corocito to Trujillo), the plugging of the mouth by

coastal littoral drift, and poor drainage in sone areas, is flooding

intensely developed agricultural lands in the Aguan Valley from the

previously mentioned road crossing upstream to the town of Saba (it

should be mentioned that flooding in the Aguan Valley extends zuch

farther upstream, beyond the town of Olanchito, but would be

relatively unaffected by work on the lower river).

5
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GENERAL ASSESSJa OF FW(D PECUM

In a general sense, each of these "Sectors' has been impacted by

"slash-and-burn" agricultural practices by camposinos (peasant
farmers) in the mountainous upper basin areas. These practices
consist of cutting all trees on a selected steep slope and burning the
site early in the dry season, to provle an area for planting. These

mountain farmers get one to two crops a year from these areas before

runoff during the rainy season (about May through December) erodes

away the top soil. Once this has occurred, a new area is selected and
the process is repeated. The Honduran Government has initiated

several programs to halt this devastating activity and therefore allow

revegetation. More needs to be done in this arena to begin to reduce

the levels of sedimentation carried in all north coast rivers.

Of the six "Sectors" identified by the officials of SECOPT,, two bear
special mention concerning their iportance to the overall econo of

Honduras. The Sala Valley (which contains both Sector One and Two)

and the Aguan Valley (which contains Sector Six) are the key producers
of Honduran agricultural exports. Their combined production makes up

over 80 percent of the total Honduran agricultural economy. The most
important crops gran are: bananas, African oil palm, plantain, sugar

cane, pineapple, citrus (orange and grapefruit), and basic grains

(corn, maize, and rice). Other crops include: coffee, cocoa,

vegetables (tomato, lettuce, cabbage), beans, soybeans, mango, papaya,
and melons (cassava and watermelon). Flooding in both valleys has

been, and remains, a persistent problem which impacts both total

yields, as well as limits the amount of suitable agricultural land.

sector 1 - Rio Choloma. The Rio Choloma, with headwaters in the
Cordillera (Mountain Range) Del Merendon in northwestern Honduras,

enters the Sula Valley at the town of Cholcma. The town is located

7
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appruimately 25 kilometers due south of the Caribbean seaport city of
Puerto Cortes and 15 kilometers north-northeast of the city of Sn
Pedro Sula. The Rio Choloma is formed approximately 5 kilometers
west-northwesterly of Choloma at the confluence of two tributary
streams, the Rio La Julosa and Quebrada Del Cabro. The flood plain

minimun width varies betwen 0.5 kilometers in the upper basin, to 1.2
kilometers in the middle portion, and near the Choloma Bridge the S

width is 0.8 kilometers. The Rio Cholcma drops about 60 meters over a
6-kilometer distance from its upstrem limit to a point on the flood
plain about 1 kilometer dowmstream of Cholma. Its tributary stream
originate in the surrounding mountains and vary in length between 3
and 7 kilometers. They fall as much as 1100 meters between their
headwaters and the confluence with the Rio Choloma. Flooding on the

Rio Choloma occurs, as with the other rivers along the north coast,
during the rainy season (from about May through December). Because of 6
its basin characteristics and rainfall patterns, which are comn to
this region, flooding along the Rio Choloma is flashy in nature with
flood peaks occurring between four and six hours after significant
rainfall events commence. Sediments deposited by the river were S
observed to consist of mainly silty sands and gravels in reaches near
or downstream of Choloma, and gravel with some stones in the upstream-

most river reaches. The observed tributary stream beds are composed
mainly of stones and boulders.

Agricultural practices over the upper basin included slash-and-burn on
the mountain sides. In the areas near and downstream of Choloma, some
camposinos are encroaching on the floodplain and trying to farm samt •

very frequently flooded areas. Following the torrential rains spawned
by Hurricane Fifi in 1974, the town of Choloma was severely damaged
with an accompanying heavy loss of human life. It was reported to the

team by SEDPT that prior to Fifi the town had a population of 25,000, 

8
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of which only 15,000 survived the devastating flooding. Other
catastrophic flooding events resulted from hurricane rains in 1934 and
again in 1954. During the early portion of 1988, 3 or 4 people were
killed along the Rio Cholom by a flood event with a magnitude which
reportedly occurs 2 or 3 times a year. Associated with each flood
event are agricultural damages steuning from both the height of
inundation and velocity; also due to inadequate provisions for local
drainage, significant areas of agricultural land are left with
standing water, and therefore are unavailable for production the
remainder of the year.

Sector 2 - Rio Ulua and Chanelecon. The Rios Chamelecon and Ulua are

the two major rivers in the Sula Valley of northwest Honduras. Both
rivers discharge into the Caribbean Sea, with the Rio Chamelecon mouth
located about 16 kiloveters east-northeast of Puerto Cortes, and the
Rio Ulua mouth about 9 kilometers east-northeast of the Rio Chamelecon
mouth.

As was previously mentioned, the Sula Valley is one of the most
significant agricultural regions in Honduras with major crops
including banana, sugar cane, African palm, plantain, citrus, and
cattle. Development of these agricultural lands has included flow
diversion canals and flood control levees. Most of these works were

impleiented by the major fruit companies which shared the lead in
agricultural and infrastructure development witbin tle tegion
(particularly the Tela Railroad Company and Standard Fruit).

The levees, most ring-type, served to protect only the cropland and
structures which were enclosed within that particular levee system.
Within most of the levee systems, land drainage works were constructed

to lower groundwater and remove excess rainfall runoff, or remove
flood water which on occasions has overtopped the levees. The levels

9
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of protection afforded by these systems is varied and not known at

this time (based on conversations with officials in Honduras, they

provide protection in the range of 10- to 25-year flood frequencies).

Flow diversion canals have served to transfer flows in order to reduce

flood levels and to transport flow pumped from within the levee

systems. Some of the canals discharge into lowland areas such as

mangrove swamps while others transfer flow into other Sula Valley sub-

basins.

One of the canals, Canal Melcher, also has served in the past to

facilitate shallow navigation between the Rio Ulua and the Rio

Chamelecon at the point where these river alignments are closest.

This westerly flowing canal is approximately 2.4 kilcmeters long and
diverts flow from the Rio Ulua into a second northerly flowing canal,

which in turn empties into the mouth of the Rio Chamelecon at the

Caribbean Sea. This northerly flowing canal is called Canal Del

Cruce, a n~ parallels the Rio Chamelecon and Rio Ulua along a course

about midway between both. Flow from the Rio Chamelecon is also

carried by Canal Melcher to the east into Canal Del Cruce. The Canal
Melcher is located inland about 12 kilcmeters from the Caribbean Sea

coast near the village El Tapon on the Rio Ulua. This canal was
originally constructed by the Tela Railroad Company with a bottom

width of between 20 and 40 meters and a depth of 2 to 2.5 meters.

Because of the elevation differences between the thalwegs of the Rio

Ulua, the Rio Chamelecon, and Canal Del Cruce, the slope of Canal

Melcher was steep and thereby induced high flow velocities toward

Canal Del Cruce from both rivers. Also Canal Del Cruce flows along a
much straighter alignment (therefore shorter course) than either the N

Rio Chamelecon or the Rio Ulua. This results in Canal Del Cruce

having a much steeper slope and therefore draws flow from both river

channels. Over time, high flow velocities have eroded the canal bed.
At present, the canal width varies between 75 and 100 meters

10
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with depths between 5 and 10 meters. As the canal enlarged, the

volume of flow diverted increased to the point where it is estimated
that two-thirds of the total Rio Ulua bankfull flow is now transferred

to Canal Del Cruce via Canal elcher. While decanting two-thirds of
total Rio Ulua flow, the canal is transferring only a mall portion of
the coarser sediments which can be described as bed load.

The location of the canal intersection with the Rio Ulua is on the
outside of a 180-degree river bend to the right when traveling

downstream. Current patterns, which occur through bends such as this,
transport the major portion of bed load sediments along the inside of
the bend. Therefore, the flow drawn from the Rio Ulua by the canal is
practically sediment-free except for suspended sediments which are

evenly distributed within the river cross section. In other words,
the canal diverts a greater proportion of flow volume than bed load
sediments. As a result, the Rio Ulua cannot transport approximately
95 percent of its original bed load sediments with only one-third of
the total flow that remains in the river channel below the canal.
This loss in sediment transport capability has resulted in a
downsizing of the Ulua flow channel toward the existing flow and
sediment regime.

This loss in channel size and total flow energy has created the
condition where the Rio Ulua is filling with sediment and its mouth is
periodically closed off by littoral transport deposits during the low
flow months. Only during the months of higher rainfall and

concomitant higher river flow volume and stage does the Rio Ulua erode
the littoral sand blockage and flow directly into the Caribbean Sea.
But, even under these conditions, the channel of the Rio Ulua

downstream of the Canal Melcher remains heavily silted and flows at
only a fraction of its original depth. S
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Serious flooding along the Rio Ulua and Rio Chamelecon usually occurs
from two to three days after the heaviest rainfall period, with river
stages falling below flood levels three to four days after the flood
peak. The degree of flooding severity along the Ulua and Chamelecon

is dependent on the soil moisture conditions over the basin, rainfall
intensity and duration, and aerial extent of the storm. Because of
the basin characteristics, flooding along the Ulua and Chamelecon
could be anticipated and measures could be taken to reduce the threat
to both life and property prior to the arrival of the flood peak.

Flooding conditions along the lower reaches of the Ulua and especially

the Chamelecon have worsened following the Canal Melcher enlargement
and flow diversion into Canal Del Cruce. The increased flow into the
Canal Del Cruce has increased flood frequencies, stages and durations
along the lower reaches of both the Rio Chamelecon and Rio Ulua
upstream from Canal elcher. Backwater effects resulting in flooding
upstream vary and are dependent on flood flow distributions between

the Rio Ulua and Rio Chamelecon at the given time, and for a given

rainfall distribution between drainage areas.

Sector 3 - Rio Leap. The Rio Lean is formed by headwaters in the

northwestern Honduran mountains known as the Cordillera Nombre De

Dios. The flood plain is flanked on both sides by steep nmuntains
with elevations that reach 1400 meters. Flood plain width varies from

about 2 kilometers near the upper basin town of Nueva Florida, to
around 3.5 kilometers wide at Santa Maria, which is about 18

kilometers further down the basin. About 23 kilometers further down
the basin at Atenas De San Cristobal, the width is about 4.5

kilometers. Atenas De San Cristobal is situated at the northern

terminus of the mountains which form the western flood plain boundary.
Downstream to the north toward the Caribbean Sea, the Rio Lean flows

through coastal plain which is flat, low and wet. The Rio Lean enters
the Caribbean Sea near the village of Colorado which is about 10

kilometers north of Atenas De San Cristcbal.
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Along the Rio Lean flood plain the river has a mild slope and is

meandering to a large extent as evidenced by the meander scars and
oxbow lakes present. The upper portion of the river has alternating
bars in straight reaches and through the mid-portion sinuosity
increases with middle bars in evidence. Once the river reaches the
coastal plain, the slope flattens, sinuosity becomes extreme, and with
the very low top-bank elevations, the flat lowlands are easily
flooded. Flooding is likely exacerbated by the presence of a littoral
drift mouth plug which develops during the low flow periods (the dry
season from about January through about April).

Sediment deposits along the river are composed of clay sands, gravels,
and some cobble-sized stones evident along point and middle bars in

that reach above Atenas De San Cristobal. Through coastal plain

reaches, the sediment deposits appeared to consist of clay sands along
the point bars and mid-stream islands. The erosion of some steep
mountain and hillsides where slash-and-burn type agricultural

practices are ongoing is likely contributing a significant portion of
the heavy sediment load now transported by the river.

Flooding problems reportedly have been made more severe by the heavy
sediment loads which have raised the river bed and flood flow levels.
The filling of the river bed with sediments has also caused ground
water levels to rise to undesirable elevations along the flood plain.

Through the coastal plain lowland reaches, the flooding conditions
inpact very little agricultural land, but prohibit the extension of
farming and cattle production toward the north from the higher portion 0

of the basin. As was previously stated, the soils are very rich in -

the lower flood plain and the officials of both SEBCPT and IM would
like to expand agricultural production into this region.

Sector 4 - Rio San Juan. The limits of this north coast sector extend

from near the Rosita settlement on the west to near Salado Barra to
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the east, a distance of approximately 21 kilometers. From Salado

Barra on the Caribbean Sea the sector extends southward about 13

kilometers to the mountains, Cordillera Norbre De Dios, then west-

southwesterly along the mountain base about 29 kilometers to neat

Lombardia, and then northerly along an arm of the same moumtain range

for about 23 kilometers to the Caribbean Sea near Rosita.

The river alignments are relatively straight within this Sector.

Eight rivers, including the Rio San Juan, flow in well-defined shallow

channels northerly across the coastal plain. The rivers' discharge
into the Caribbean Sea is through three well-defined outlet channels,

with one of these river channels terminating in a wooded lowland area.
One of the outlets also serves to drain a large lagoon. All three

outlets are interconnected by lagoon-type water bodies and small
navigable channels (shallow depths) which are located behind the

coastal berm and parallel to the shore. During periods of low flow,
as in other north coast areas, the outlets are sealed by the sandy

littoral deposits which extend across the openings, periodically

blocking discharge into the sea.

Sediments carried by the rivers vary from fine suspended materials to

cobbles which are carried only along the headwater streams which

originate in the mountains to the south and west. This area receives

scume of the highest average annual and peak rainfall amounts along the

entire north coast. The coarser sediments, cobbles and gravels, are
deposited when the steep mountain streams initially encounter the
flatter slopes of the coastal plain rivers and streame. The sands are

carried further toward the coast. Some suspended sediments are
deposited over the lowlands when the rivers flood. During low

rainfall periods when the outlets are blocked, little or no flow is
discharged into the sea. During the peak portion of the rainy season,
when the basin outflow significantly increases, sufficient flow energy .

is available to erode the plugs and maintain flow into the Caribbean.

1
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Flooding in the basin affects the extremely limited existing
agricultural efforts on the coastal plain. The raising of cattle and

-, some crops are attempted, but flooding often forces the camposinos to

retreat to high ground. In the steeper hills and mnmtain sides,
slash-and-burn agricultural practices are employed without fear of

* flooding. Most agricultural areas are located along the southern
portion of the coastal plain along the higher lands near the
mountains. At the town of La Masica, the Honduran Department of
Agriculture (INA) is experimenting with growing a new type of coffee
and cocoa. The new coffee plant does not require a lot of shade, as
do typical native coffees, and can be grown on flat lands (not
providing the degree of shade available on the steep slopes of the
mountains). Much of the northern portion of the flood plain is low

and wooded or marshy. This Sector has existing infrastructure (roads
and railroads) and exceptionally good soils suitable for many types of

,. crops; therefore, both INA and SECOPT feel it should be developed.

Sector 6 - Rio Aguan. The major river within the Aguan Valley is the

Rio Aguan which discharges into the Caribbean Sea at the central north
coast town of Santa Rosa De Aguan. The Rio Aguan basin extends from
the coast in a west-southwesterly direction a distance of about 225
kilometers and is bounded by steep mountain ranges on both the north
and south. Both the Cordillera Ncabre De Dios to the north and the
Sierra La Esperanza to the south have peaks that exceed 1200 meters in

elevation. The drainage area of the Rio Aguan at Durango is
approximately 10,300 square kilaneters, with the upper Aguan (above
Saba) draining an area of about 7,545 square kilometers. The Aguan
Valley itself extends fram San Lorenzo to the sea outlet at Santa Rosa
De Aguan, a total distance of about 160 kilometers, and with a maxim
width of about 15 kilometers.

The Aguan River originates above the Yoro Valley in the El Pijol
Mountain Range and picks up a large number of tributaries in its
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meandering course to the Caribbean Sea (a thalweg distance of
approximately 395 kilometers). The Yaguala River and the Mane River
are its principal tributaries, with catcment areas of 1,835 square
kilcmeters and 2,096 square kilometers, respectively. Within the
lower portion of the basin, two other rivers, which act as

distributaries under high flow conditions, drain small sub-basins into
the sea. The Rio Chapaugua discharges into the Caribbean Sea about

4.5 kilometers west-northwest of the Rio Aguan mouth. The other

river, Rio Limon, flows into the sea about 19 kilometers to the east-
southeast near the town of Limon.

The mean annual rainfall varies from about 900 mn in the upper Aguan
to about 2,500 mn in the lower Aguan. The mean annual flow in the

aAguan at Saba, for the period from 1981 to 1983, is about 140 cubic
meters per second, with monthly variations reflecting the very
seasonal rainfall pattern. The maximum mean daily flow was 2,020

cubic meters per second (occurring in Novenber 1980), and the minimum
mean daily flow was 11 cubic meters per second (occurred in May 1983).

Therefore, the river is extremely low during the months from about
January to April, with floods most likely between the rmonths from
Septerber to Decenber.

In the upper portion of the Aguan Valley, the Rio Aguan bed slope is
steep with the river having a braided channel. That type channel has

a low-flow channel that is divided into several smaller channels
through many flow reaches. During higher flow stages, the flow often
takes a different path as the low-water islands and bars are
overtopped. Through the middle reaches of the river, the bed slope is

more mild and the channel meander with point and middle bars in
evidence. Along the lower reaches, the bed slope is flat and the
channel very sinuous with frequent point bars.
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Tributary streams of the Rio Aguan originate in the mountains and flow
varying distances across the valley to the river. Because of their
steep channel slopes, the tributary streams are capable of

transporting large quantities of sediment with sizes sometimes greater
than cobblestones. Most of the coarser materials are deposited when
the streams reach the flatter slopes at the valley floor. In the
upper basin some materials up to cobble size reach the main channel
and other smaller sediments are deposited along the bars and islands.

Through the middle portion of the Aguan Valley, from the City of

Olanchito to Saba, sediments reaching the river are not as coarse as

the upper river deposits. Because of the increased valley width, and

lower bed slopes in both the tributaries and main channel, coarser

sediments are deposited prior to reaching the Rio Aguan main stem.

Insufficient flow energy is available to transport the larger
sediments.

Along the lower sinuous reaches, from about Saba to the river mouth,

where the valley is widest and the bed slope of the tributaries and

main stem are flattest, the tributary streams contribute sediments in

the smaller grain sizes. Also, through this reach the river top banks

are lower than along the other reaches.

The slash-and-burn agricultural practice observed within other basins

is also much in evidere along the mountains and hills which surround

the Aguan Valley. Erosion of these steep denuded areas has

contributed a significant portion of the sediment load which annually
is transported within the basins water courses. Excessive sediment
load will raise stream bed levels and thereby increase flooding
potential, as well as spread undesirable sediments over highly
productive agricultural lands. Cessation of the slash-and-burn
practice and either natural or man-aided restoration would in time
reduce the sediment load entering the basin drainage system, but
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existing sediment deposits throughout the water courses could present
problems for many years. The Honduran Forestry Agency, under the
Department of Natural Resources, has begun several initiatives to

eliminate slash-and-burn practices and reforest some areas. Also, the

team was told that scme foreign private groups have begun to assist in

these reforestation projects (one was reportedly underway in a portion

of the upper Rio Aguan basin).

Flooding problems within the Aguan Valley are most severe in the lower
reaches where agricultural damage is sustained primarily from the
duration of flooding (Oil Palm is damaged by water over its roots for

more than about three days). Flooding through the steeper upper

reaches is more flashy in nature with the flood waters and excessive
groundwater ore quickly drained to the main stem channel. Flood flow
velocities can cause crop damage at any location depending on the

crops physical nature (when banana plants have fruit they are easily
pushed over by flow velocity). Along the lower reach where the flow

is more sluggish, flood duration can exceed five days. These lengthy
durations damage or severely stresses most agricultural crops so

inundated. Groundwater can also be a problem in this reach as it is
naturally high, and can remain at crop damaging levels because of the
longer dewatering period of this flatter land.

Crops grown over the middle and upper basin include sugar cane,
citrus, corn, banana, and African palm. Throughout the valley water

problems vary, with irrigation required during the dry months at

certain locations and dewatering systems needed at other locations

during the wet season.

Flood prcblems within the Rio Chapagua and Rio Limon sub-basins are

limited because of the sparse population and limited agricultural
develop ent. In some areas crops such as corn and banana are raised,
but the primarily agricultural activity is cattle raising on the flat
and low available pasture lands.
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FLOCI)DAMAGE MICTICON ALTEmNTn=S

The consideration of flood damage reduction alternatives for each

sector of the north coast study area was targeted at the
identification of plans which were implementable and feasible from an

economic, engineering, and sociological viewpoint. Because a

reconnaissance study is an abbreviated effort, directed primarily at
determining if further more detailed investigations will be continued

under a feasibility study effort, quantified evaluation of all

possible alternative plans was not performed. But some consideration

was given to the appropriateness of a wide array of flood damage

reduction options. Shown in Figure 2 is a listing of the many options 0
which should be considered for flood damage reduction. The measures

shown in this figure fall into one of three action categories: those

that modify flooding; those that modify the floodplain; and those that

modify only the economic effects of flooding. The first category
includes those measures commnly termed as "structuralu and the latter

two categories include measures cczmonly termed as "nonstructural.W

The first step in the consideration of damage reduction alternatives

performed in this study included a review of the individual flood
control measures shown in Figure 2. Many of the measures shown were

eliminated from quantitative consideration due to obviously

unfavorable social, economic, envirounmental, and engineering factors;

or because such measures have already been inplezunted. The following
paragraphs discuss each measure type and its applicability to north

coast flood problems. Each of the measures considered by the MI)O team

were also discussed with officials of SBCOPT while in Honduras.

Nonstructural measures do not attempt to reduce or eliminate flood
water levels. They are directed toward lessening the damaging effects

of floods by such means as regulating future development, flood
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proofing of damageable development, and temporary or permanent

evacuation from the flood plain. Several nonstructural measures

appear to offer some low cost, and near-term implementation

opportunities to reduce the impacts of flooding on crops, buildings,

and those who inhabit the floodplains. These measures include:

modification of existing agricultural practices in such a way as to

minimize inundation damage; elimination of upper basin erosion and
therefore reducing channel siltation; encouragement of the proper

location of homes to reduce the chance of loss of life; provision of

flood warning and flood fighting capabilities.

Structural flood damage reduction measures are those which modify the
flooding characteristics of a stream in such a way as to reduce the
level of losses resulting from inundation of floodplain development.

Of the various options listed in Figure 2, three basic types of
measures were considered during this reconnaissance study: levees,

stream diversion, and channel modification.

Levees are generally constructed parallel to the stream and tie into

high ground at each end, or circle the area to be protected if the
terrain is not suitable for connecting the levee into higher ground.

In addition, ponding areas, pumping stations, and other pertinent
drainage structures are necessary to remove interior runoff from

behind the line of protection. Given the extremely large volumes of
runoff in each of the six sectors and the very flat and wide

floodplains in the downstream river reaches, levee construction seems
to be an obvious structural option for detailed consideration. Due to

the complex array of irrigation and tributary channels, evaluation of
the need for secondary levees and interior drainage provisions would

involve extensive coincidental hydrologic analyses.

21
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Stream diversion has been proposed in two of the sectors and may offer

some economic advantages over channel enlargement at specific
locations within each river basin. This topic will be discussed later

with respect to specific alternative plans identified for each sector.

Channel modification is effective in reducing flood stages on most

streams. Enlargement of the channel and modification of bridges and

other flow impediments provide a more effective outlet for flood flows

and, therefore, reduce the stages of floods. The amount of stage

reduction depends on the magnitude of enlargement to the channel and

the flow efficiency of other modifications. Channel enlargement

should be considered in the Ulua and Aguan Basins with any further

detailed study of flooding which allows hydraulic couputer modeling

(such as that performed by the Corps using HOC-I and MC-2). Channel

enlargement in river reaches from the mouths upstream for a distance

of about 50 kilometers (30 miles) may be beneficial in conjunction

with several other measures such as levees and/or flow diversion.

Reservoirs located in the upper watersheds of rivers are often
effective in reducing flood damages by temporarily storing rainfall

runoff and releasing the water slowly, allowing water downstream to
enter the channel and flow out ahead of the stored water. With basins
as large as those along the north coast of Honduras, these type

structures would probably have to be multipurpose in design to
approach economic feasibility. Given the lack of a high degree of

upstream urbanization, and therefore a lack of upstream navigation

need, coupled with the fact that all existing and future hydropower

needs are met with the El Cajon project (200-seter-high multipurpose

concrete arch dam on the Rio Comayagua near the confluence with the

Rio Sulaco in the upper Ulua Basin), economic justification of

multipurpose dars could only be provided by the remaining purposes of

flood control and water supply. At the present time, these two

purposes alone would probably not provide the magnitude of economic
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benefits required for large multipurpose project feasibility.

Therefore, for the purpose of this reconnaissance study, no further "e

consideration was given to new reservoirs as a flood control

alternative.

Alternatives appropriate in each specific river basin and river reach

are discussed in the next paragraphs along with a preliminary
assessment of their effectiveness.

Sector One. The primary prcblem in Sector One is the large amount of

sediment carried by the Rio Choloma into the river reaches and flat

lands downstream of the Carreteria Bufalo Cortes bridge crossing at
the town of Choloma. This area is shown in detail in Figure 3. 0
Extrevely large areas of the mountainous upstream sub-basin of the Rio

La Jutosa (a major tributary of the Rio Choloma), and the upper Rio
Cholcma itself, have been denuded by previous slash-and-burn farming.

These campesino farmers are currently being relocated to the rich
agricultural lands in the lower Choloma basin areas within the Sula

Valley (a similar program was successfully employed in the basins
upstream from San Pedro Sula). In addition to this initiative, a

total of nine sediment dams are planned for the upper basin. One of
the four dams planned for the Rio La Jutosa in the vicinity of the
town of El Portillo has been constructed by SECOPT. This dam was

inspected by the Corps team in the field on 27 January 1988.
Photographs of the dam are shown in the rear of this report on Plate
No. 23. The design of this dam is typical of the remaining eight to
be constructed. SECOPT is to be applauded for the aualitv of their

work in this area and for having the vision to initiate such measures.
The dam is functioning as designed. This can be witnessed by the

extremely coarse nature of the downstream river bed cobblestone

sediments and the clarity of the water it carries. Revegetation is

naturally occurring in some of the previously denuded upper basin
areas, but could be accelerated by reforestation work.
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The Cholma Basin downstream from the town of Choloma is now being
farmed by large nubers of caipesinos, many of whom have located there

from the iountains which lie to the west of both San Pedro Sula and
Choloma. These families have experienced frequent and severe losses

due to flooding. They, as well as those who live in the town of

Choloma, would benefit greatly from structural flood control on the

river. The previously mentioned bridge at Choloma provides for the
crossing of the only major Federal road (Hwy 1) that connects the

inportant seaport at Puerto Cortes with the industrial center of San
Pedro Sula. During the flooding associated with Hurricane Fifi in

1974, it was reported that this bridge was washed out and about 10,000

people in the Choloma area lost their lives.

SECOPT has given the conpletion of flood control measures in Sector
One their first priority, and the Corps' team concurs in this

decision.

Specific measures the team considers appropriate in Sector One are:

- Reforestation of upper basin areas

- Conpletion of the remaining eight sediment dams

- Construction of levees and channel enlargement from a point

upstream of the Choloma bridge (about 3 kilometers upstream) to

a point about due east of the town of uebrada Seca (about 9

kilometers downstrean from the bridge at Choloma).

The channel enlargement could be constructed using draglines (the

river is not deep enough for hydraulic dredges). The material removed

from the riverbed would be used to construct levees on both banks, and

appears suitable for levee construction. A large width between the
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levees should be provided (about 400 meters). This will allow the Rio

Choloma channel to meander within its natural band and not undermine

the levees. SE0PT proposes a trapezoidal channel with dimensions of

200 meters in bottom width, a depth of about 5 meters, and side slopes

of 3 horizontal to I vertical. The levees would have a top width of

about 4 meters, with river-side side slopes of again 3 on 1, and

constructed to a height of about 4 meters. Using a total improved

channel length of about 12 kilometers, and assuming the existing

channel is about 30 percent of the inproved cross section results in a
total estimated excavation quantity of about 8,600,000 cubic meters.

It is pertinent to stress that these dimensions and excavation

quantities are very approximate, and do not constitute a

recommendation by the Corps of Engineers. Before the most cost
effective design could be established, detailed hydrologic and

hydraulic modeling combined with an up-to-date agricultural flood a.

darage model would be required. Notwithstanding this fact, the sizing

of this channel and associated levee work appears to the team to be
reasonable given the basin characteristics and regional rainfall

patterns (see Appendix B, Section C).

Considering the quantity of material to be excavated and the

compaction requirements for levees of this type, a very rough

approximation of cost for the described work would be about

$80,000,000.

Sector Two. The prirory prblem in Sector Two is the reduced channel

cross section of the Rio Ulua downstream from the Canal Melcher, and
the backwater effects on the Rio Chamelecon caused by the large volume

of flow currently carried in Canal Melcher. SECOPT proposes to

construct a flow control structure on Canal Melcher that will only
allow a small quantity of Rio Ulua flood water to enter. This

structure will allow the Rio Ulua downstream of the canal to reclaim

its original flow regime. In order to eliminate intensified flooding
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on the Ulua upstream from the control structure, the original Ulua

channel dimensions will require reestablishment. Once this is

acaorplished, prebably by hydraulic dredge, the new flows will tend to

carry sediments on to the Caribbean; but periodic dredging at the

mouth of the river, and upstream for same unknown distance, will still

be required. S
It is interesting to note that Canal Melcher discharges the combined

flow of about two thirds of the Rio Ulua and the Rio Chamelecon into a
second canal which parallels the two rivers and flows in a northerly

direction to enter the Caribbean at the mouth of the Chamelecon. This

canal (Canal Del Cruce) has essentially taken over all the flow of the

old Chamelecon channel downstream from a point about one-half the way
between the villages of Baracoa and Campana. As was mentioned

previously, it provides a straight and shorter (therefore steeper)
route to the Caribbean than the original Rio Chamelecon channel. The

old original Rio Chamelecon channel only carries significant flow when

extremely large floods occur. SECOPT and others with a knowledge of

these waters report that the mouth of Canal Del Cruce (and therefore
the mouth of the Rio Chamelecon) carries enough flow to remain open to

the Caribbean all year round, and is not plugged by net westward

littoral drift during the dry season like other north coast rivers.

Canal Del Cruce was also built by the Tela Railroad Company. No one

could recall the exact year either canal was constructed. Maps

compiled in 1969 show Canal Melcher, but not Canal Del Cruce. Maps

dated 1981 show Canal Del Cruce and Canal Melcher. Canal Del Cruce

was excavated through the low mangrove swamp (known as the Pantanos)

with a width of about 150 meters and a depth of between 5 and 10

meters.

In considering the flat, swampy nature of the floodplain in this area

of the Sula Valley (much like South Louisiana), and the large volumes

27



.i

of flood flows, the only structural alternatives that appear practical

are levees or channel enlargement. Levees below Canal Melcher would
only aggravate the current backwater problems and would not allow

cultivation of the swampy lands without extensive investment in canals

and drainage works to lower the groundwater. The proposal of SECOPT

to construct a flow control structure and reestablish the Rio Ulua

channel dimensions may be the best alternative available.

Implementation of this alternative is discussed later in this report.

There are a number of existing dams in the upper basin of the Rio Ulua

(El Cajon mentioned previously and several other dams on tributary

rivers of the Ulua). The operation of these dams should be examined

during any further detailed study, as a means to attenuate flood

peaks. But, these dams would not have large effects on the very low

flat reaches of either river in the vicinity of Canal elcher.

Sector Three. The condition of the Rio Lean along its lower reaches

from about the town of Santa Maria (where several major tributaries
enter the river), downstream to its mouth at Colorado, is very dynamic

and exhibits all the stages of a highly unstable meandering alluvial

channel. A braided channel with cut-offs forming, rapidly eroding

banks, and relatively no depth, does not lend itself well to

traditional structural flood control measures. The team agreed that

controlling the flood problem and lowering the ground water table in

this long narrow basin would require levels of investment and
expenditure of resources far in excess of the benefits to currently be

gained. Before this problem is undertaken, all other uncultivated

agriculturally suitable land should be developed. In other words, the

nonstructural solution of avoiding the floodplain is the rest approach

in this dynamic circumstance.

2
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Sector Four. - The largest rivers in Sector Four are the Rio San Juan

and Rio Cuero. Both have headwaters and large portions of their

drainage basins in the steep mountains of the Cordillera Noubre De

Dios. The flood problems within this Sector stem from the combination

of these steep, flashy, upper basin areas with the wide flat alluvial

basin outlets to the Caribbean. As in the other north coast sectors,

the most appropriate structural flood control measures appear to be

channel enlargement and levee construction. This Sector could be

developed for agriculture by constructing levees with excavated

channel materials, and providing the necessary interior drainage. The

construction of ring levees in the regions of the floodplain around La

Masica would seem a logical place to start. With successful farm

operations in these areas, the project works could be extended north

farther down the basin toward the Caribbean. To dredge the mouths of
these rivers (the Rio Quebrada del Higueral, Manga del Rio San Juan,
Rio San Juan, Rio Cuero, and Rio Limon) upstream to the foothills of

the Cordillera Ncubre De Dios would be extremely costly and should not

be done without initiation and evaluation of pilot projects combined
with extensive economic analyses of alternative plans. Dredging or

excavation by dragline of the five river channels in Sector Four would

require some 100 kilometers of primary channel work combined with
about 75 kilometers of secondary channel work. SCOPT estimated this

to be approximately 77,400,000 cubic meters (101,239,200 cubic yards)
of material. Dredging this amount of material, along with some
unknown amount of annual maintenance material would be cost

prohibitive.

Sector Six. - In previous studies of the Aguan Valley numerous

recamendations have been made for the construction of many different

types of water resources improvements. Some of the purposes served

include: irrigation, agricultural drainage, hydroelectric power
generation, and flood control. Recaruendations for flood control have

consisted of a wide array of measures, such as: the enlargement of
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the Rio Aguan channel from its mouth upstream to the vicinity of the
Rio Mane (a major tributary just downstream from Olanchito); the

construction of levees on both sides of the river from the Durango
Bridge (near Corocito) upstream to the vicinity of Saba; the

construction of several diversions of tributary flows along new

alignments at the towns of Isleta, Salama, and Corocito; the
construction of a large diversion of flow from the main Rio Aguan

channel, in the vicinity of the town of Corocito, into the Rio

Chapagua; the construction of a right overbank (southside) floodway
near the Trujillo Road bridge crossing with apprcimate dimensions of

one kilometer wide by eight kilometers long, designed to divert the
entire flow of the Rio Corocito (a major tributary to the Aguan) into

the Rio Bonito and Rio Limon basins; and lastly, the construction of
seven major dams (the Los Encuentros Dam and Pueblo Viejo Dam on the

Rio Mane; the Loma Zope Dam on the Rio Yaguala; the Cerro De La Puerta
Dam, the Higuera Dam, and the Tepusteca Dam on the Rio Aguan; and the

Pericon Dam on the Rio Yaguala. Five of these proposed dams wuld
contain hydroelectric power generation capability: Los Encuentros Dam
5.9 Mw of firm annual energy, 27 Mw of installed capacity; Pueblo

Viejo Dam 3.6 Mw of firm annual energy, 14.1 Mw of installed capacity;

Loma Zope Dam 13.6 Mw of firm annual energy, 52.0 Mw of installed
capacity; Pericon Dam 3.0 Mw of firm annual energy, 16.6 Mw of

installed capacity; and the Cerro De La Puerta Dam 3.2 Mw of firm

annual energy, 18.4 Mw of installed capacity. None of these dams have

ever been constructed.

SBOPT is currently considering the use of a hydraulic dredge to

remove existing channel siltation from the mouth of the Rio Aguan
upstream for a distance of apprcuimately 24 kilometers to the Durango

Bridge. This work would include realigning the channel for a
straighter flow pattern and moving its mouth about 10 kilometers to

the east of its existing location. The existing channel thalveg
elevation at the Durango Bridge is at about 8 meters above sea level.
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At the mouth (when not closed by littoral drift), the thalweg
elevation is about 1 meter below sea level. Using these elevations

from the 1983 study of the Rio Aguan by Sir William Harcrow and
Partners, and a total thalwg distance from the Durango Bridge to the

river mouth of about 61 kilometers, results in a couted bottom slope
of about 0.00013. The channel is steeper upstream from the bridge.

Top bank elevations at the Durango Bridge are about 13 meters above
sea level and about 1 to 2 meters at the mouth. Considering the

extremely small slope of both the existing channel bottom and adjaoent

floodplain lands, and the extremely large flood volumes and flow rates
on the Aguan at Durango Bridge (Q25 - 816 cubic meters per second,

PMF = 21,100 cubic meters per second), yields the conclusion that

restoring the natural channel dimensions will probably not provide a

great deal of relief from flooding in areas upstream from Durango.

The Trujillo Road crossing the Rio Aguan floodplain (and the Durango
Bridge) is perched (elevated fill) above the natural ground by about 5
meters and acts essentially as a dam for floods with a return period

less frequent than about 2 years. The Corps' team considers the

provision of additional relief bridge openings one of the most cost
effective structural measures available to reduce upstream flood

duration in the lower Aguan Valley. Additional openings appear to be

the most cost effective option, and are likely to be justified up to
about a 25-year flood flow capacity.

Previously mentioned proposals to reduce flooding with the exception
of the Rio Corocito floodway, have never been constructed.

Discussions with INA and SECOPT officials indicate that all past

proposals suffered from the same common flaw. They all required

enormous up-front capital investments, and involved extensive long-

term construction efforts.
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Additional flood flow openings in the perched Trujillo Road fill could
be added one at a time until the needed capacity has been provided.
This would also allow periodic reassessment of the effectiveness of

such measures and reduce unexpected adverse effects. The specific
location and design of these openings was not determined by the Corps'
team. Detailed topographic survey data (about 0.5 meter contour
interval) would be desirable for the siting of openings and for use in
the design of local drainage upstream from the Durango Bridge.
Confirmation of the effectiveness of additional relief openings should

be performed using a two-dimensional hydraulic model (similar to the
Corps, HEC-2 model). Information available in the 1983 basin study by

Sir William Harcrow and Partners would be very helpful, but would
require some field verification. This backwater information, combined
with recent aerial photography of the floodplain from the Durango
Bridge upstream to Saba and agricultural flood damage data from INA,
should be used to produce damage-frequency and duration-damage curves
for the floodplain. These data combined with estimated costs for
relief openings could be used to assess cost effectiveness prior to
and after project implementation (monitoring period).

A word should be said about the current activities of INA, and
particularly with respect to the lower Aguan regional project,
Projecto Bajo Aguan. Discussions between the Corps' team and the
Assistant Regional Chief for INA, Senor Rolando Mendoza Garay
(Agronomist by education and bilingual), on several occasions revealed

that improved local drainage to reduce flood duration in selected
areas would be an extremely beneficial adiunct to any major flood
control measure implemented in the kAuan Valley. Also. INA and Senor
Mendoza should be comlimented for their ow. efforts toward reducing
flood damage and increasing agricultural Droduction. The cooperatives
and camposinos in the valley are being educated by IN& to practice
what can be termed "wet flood proofing". They are told to avoid

planting the very low areas immediately adjacent to the rivers with
crops that are not flood resistant (those damaged by velocity and
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short duration flooding). Oil Palm (African palm), a major crop in

the valley, can withstand velocity and up to about three days of

inundation. Some farmers are also using a risk-reduction non-

structural flood control technique. Senor Mendoza has observed that
the large and severely damaging floods in the Aguan occur on an

approximate cycle of about once every 10 years. When several years
have transpired without one of these larger floods, the farmers are

advised that the risk is increasing and that it is becoming more

important to avoid the lowest areas. This is not (as hydrologic

analysis has shown) always an effective way to totally avoid damage,
but it does result in some reduction of losses.

FINDINGS AND -IJ SIONS

Serious flood problems are being experienced in all six sectors
identified by SECOPT and investigated by the Corps' team. Both the

Rio Ulua and the Rio Aguan basins are vital to a robust Honduran

agricultural econmy, and therefore the future of Honduras. Before

large investments are made to expand agricultural development into new

basin areas along the north coast, priority should be given to

development of remaining less flood prone areas and the enhancement of

productivity in both the Sula and Aguan Valleys. Current efforts by

INA. SECOPT, and MRN to increase agriculturl productivity, reduce
floodin. and encourage reforestation of slash-and-burn areas, should

be awlauded and continued.

O the last day of the Phase II mission in Honduras, the Corps team

met with officials of SECOPT and presented a two prong approach to the

alleviation of north coast flood problems. The following paragraphs
describe both the early action plan and a future action plan presented

to SECOPT.
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Early Action Plan - The early action plan consists of two elements:
the establishment of an interagency planning team and the

implementation of a flood warning system in the Rio Cholcma basin.

Based on discussions the Corps' team had with the many points of

contact within the Honduran Government, USAID, and private sector
consultants, there appears to be a need for a more unified effort
toward the use and development of the water and water-related land
resources of the north coast rivers. There is a considerable amount
of data and studies available on both the Sula and Aguan Valley, but
no real central focal point for coordination and priority-setting.
Studies have been performed for both INA and SBOOPT, and in some cases

these two agencies have worked together with the Department of Natural
Resources (example: the study by Sir William Harcrow and Partners
performed in 1983 for the Rio Aguan Basin). But this study and others
seem to have a comon flaw. They all have proposed enormously costly
construction work, which in no way reflects the available financial
resources of the country, and have not attempted to provide any
guidance on nonstructural responses. Basin-wide studies should be
concluded with recommendations for programmatic implementation of
phased construction. In other words, initial work should focus on the

most cost-effective (biggest return-on-investment) project elements,

of those requiring capital investments which are within some range of
expected affordability. As these are completed and productivity
increases, etc., further project construction could be initiated.

Toward the objective of establishing basin-wide water resource
programs which reflect not only affordability but also appropriate

project priorities, an ad hoc water resources commission (interagency
planning team) could be formed. A tentative list of agencies that

should be considered in the formation of this cammission was developed
by the Corps' team and is included in Appendix "C" of this report.
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The broad makeup reflects the similar approaches now being taken in
the United States to water resource problems (example: the newly

formed Inland Waterway Users Board, which will advise the Corps on
planning for changes and inprovements to the inland navigation system

of the United States). Some of the more key participants in such a
commission would be SEO)PT, INA, and MRN.

As was mentioned earlier, Sector One has been given SECOPT's top

priority for flood control. Flooding of the Rio Choloma during

Hurricane Fi Fi in 1974, and again in 1988, has resulted in many
deaths, as well as annual losses of agricultural production. Although

the flooding (velocity) during Hurricane Fi Fi washed away many of the

homes in the town of Choloma, that were constructed along low areas

near the river, this type of catastrophe could occur again. Some

homes are beginning to be built close to the river again, and as time

passes and the memory of 1974 fades, more will be built. The river
serves as a location for drinking water, bathing, washing garments,
swimming, and gathering. All these activities sometime go on

sinultaneously, and serve as a pressure to conviently locate nearby.

Given the flashy nature of flooding on the Choloma (4 to 6 hours to
peak) some type of flood warning system should be installed. With

only a one hour warning time many lives could be saved (property could
not be evacuated in this short time). Included in Appendix "C',

Section "B", of this report is a detailed description of an

appropriate type of system and a cost estimate for its inplementation.

The total cost would be about $70,000. Also shown are illustrations

of its installation.

Future Action Plan. Future action to reduce flood losses along the
north coast should be evaluated through the preparation of detailed

feasibility studies. These studies should contain not only
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engineering analyses of hydrology and hydraulics, but also detailed
agricultural flood damage analyses coupled with assessments of
financial feasibility (financing methods and cost recovery). The
suggestion of the formation of a water resources cnmnission should
assist in the determination of multipurpose project (infrastructure
development, agricultural improvenents, irrigation, and flood control)
desirability and in assessing the priority for specific flood control
projects. In the absence of the formation of a water resources
comnssion, some minimum consultation on a regular basis between

SECOPT, INA, MRN, and ENP would be very beneficial during project
planning and inplementation.

Utilizing cooperation between SECOPT INA, MRN, and ENP the Corps' team
.grooses detail feasibility studies be made by SECOPT for the purpose
of evaluating three specific Droblem areas for structural flood
control vrojects: the Rio Choloma (Sector One), the Rio
Ulua/Chamelecon and Canal Melcher (Sector Two), and the Lower Rio

Aguan (Sector Three). Specific evaluations should be made of the
alternative plans outlined for those sectors in this report.

In regard to the removal of sedimentation in the lower Rio Ulua, and
the diversion of flow from Canal Melcher back into the Rio Ulua, the
Corps' team proposed detailed engineering analyses followed by
construction of a pilot plan and performance monitoring.

Once detailed hydraulic analyses (modeling) have indicated that these
modifications to the flows in Canal Melcher and the Rio Ulua will
function as expected, a tenporary blockage of flow into Canal Melcher
and initial removal of sediment from the lower Rio Ulua could be
performed. This pilot plan would then be followed by monitoring of
flow and sediment transport in both water courses to determine its
actual effectiveness in reducing backwater effects, and to assess
annual maintenance quantities to be removed from the lower Rio Ulua

(these could be excessive).
36



The Corps' team discussed the utilization of a hydraulic dredge to b

remove the sediments blocking the lower Ulua with SEOPT and ENP, and
it appears that this would be the most cost effective construction

method. Honduras currently cwms one large hydraulic dredge.

On 1 February 1988, the team visited the Port Director's Office at

Puerto Cortes, Honduras. The Port owns an IHC-Beaver 3300 marine
pipeline dredge, which has three 1000-horsepower motors, a suction
line diameter of 700 millimeters (about 27 inches), and can dredge to
a depth of 16 meters (about 45 feet).

The Port presently employs the dredge about 2 months per year doing
annual maintenance dredging of berthing areas at the harbor. During

the remainder of the year, the dredge is utilized for land creation
work. According to Ingeniero Mario Tulio Raveneau, Chief of ENP

Dredging Department, except for the two months of annual port

maintenance dredging, the dredge could be available to perform

dredging for flood control work. He also indicated that movement of
the dredge in the Caribbean to the mouth of the Ulua, and further down

the coast under appropriate weather conditions, would not be a

problem.

The dredge is equipped with 2,500 meters of pipeline, which would be

more than adequate for the pumping distances anticipated. A typical
pumping distance would be about 1,000 meters. At this length, a

productivity of about 1,400 cubic meters per hour can be anticipated
for work in fine to medium sand, about 1,300 cubic meters per hour in

coarse sand, and about 600 cubic meters per hour in coarse sand with
gravel. Production curves are shown on Plates Nos. 13 and 14.
Ingeniero Raveneau also indicated that, for the type of sediments

removed from berthing areas at Puerto Cortes, the production rate was

about 800 cubic meters per hour.
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The IHC Beaver 3300 requires about 2 meters depth of water for

flotation. This is equivalent or slightly less than average for

dredges of this size. This dredge is anticipated to be very effective

for use at river mouths and other locations upstream as long as

adequate water depth is available.

The Honduran dredge could be made available to work on north coast

rivers later this year (about Octdber). During the meeting with Ing

Raveneau, he indicated that ENP has been discussing future use of p

their dredge with the countries of Guatemala and Costa Rica. Current

land building operations around Puerto Cortes are expected to continue

for about six to nine more months with the construction of a new road

bed crossing Lagunma De Alvarado. Following completion of this work

the dredge could be used on the Rio Ulua.

While in Puerto Cortes, the team learned that Texaco, who owns a pier
facility on the point just west of the ENP berthing areas, annually

removes about 100,000 cubic meters of littoral transport (sediment)

during maintenance dredging of their tanker berthing areas. Although

this is not an exact measure of the net westward littoral transport

along the north coast of Honduras, it is scme indicator of the annual
amount of material which passes the mouths of rivers such as the Rio

Ulua. This data can also provide some assessment of the amount of

dredging which would be required to maintain an opening to the

Caribbean. Assuming that about 25 percent of this volume may be

dredged at the mouth of any river along the north coast, would result

in an estimate of 25,000 cubic meters (32,700 cubic yards) of material

requiring removal each year. At a cost of about $0.50 per cubic yard,

annual maintenance for any one river mouth would total about $16,350
annually. The actual quantity of littoral drift to be dredged

annually could be vary considerably, depending on the flow conditions

in the river during a given year, as well as the prevailing wind

conditions which drive littoral currents. Also, these quantities

could be reduced if it was decided that dredging the mouth was only
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necessary immediately prior to the beginning of the rainy season. The
estimation of annual maintenance dredging to maintain flow in these

rivers will be an important element in the ultimate determination of
the economic feasibility of such flood control measures. once flow is

reestablished in the Ulua it may scour and maintain itself to some

natural depth, as is currently being experienced with Canal Melcher

and Canal Del Cruce. It was mentioned earlier in this report that the

mouth of the Rio Chamelecon and Canal Del Cruce maintains an opening

to the Caribbean all year. W

A very rough estimate of the cost of future feasibility studies which t

would be performed by the GOH/SECOPT, INA, etc) to assess project

feasibility for each of the three sectors was assembled by the team,

and is shown below:

Estimated Cost in $1,000 '

Study Element O Sector Two Sector Six

Coordination (Other Agencies, etc) $ 60 $ 40 $ 50
Institutional/Financial 30 10 30 "
Agricultural/Socioeconnic 100 180 150
Hydrologic 80 130 110
Hydraulic 170 260 200

Geotechnical 130 100 90 ,

Structural 80 50 70

Cost Estimating 20 30 40

Surveys and Mapping 350 400 350

Study Management 70 50 60
Contingencies (15%) 160 190 170

Total Study Cost $1,250 $1,440 $1,320 %

The costs shown include work to evaluate and design projects, and

prepare project plans and specifications. The total estimated cost for all

three sectors is roughly estimated at $4,010,000.
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Duiring the teamr work in Honduras, and in later office deliberations, no
attempt was made to assess potentially significant adverse envhromental
imacts of any structural alternatives, or how these may be reduced and
avoided. Again, it is important to point out that the findings of this
report do not constitute feasibility level recommendations -by the U.S. Army
Cores of Engineers. Thiey are intended as guidance only, and were not based

on hetvicljy..i~d ojptational analyses performed to assess
enaineerinci, economnic or environmental feasibility.
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Looking southwest at the mouth of the Rio Ulua on the
Caribbean. (Note: Littoral drift bar indicated by

.p breaking waves just north of the river mouth).
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Looking west at the mouth of Canal Meicher where flow
from the Rio Ulua-enters (Rio Ulua in foreground flows
north-to the right).
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Looking east at Canal Del Cruce on the lower Sula S
Valley about 5 kilometers downstream from Canal
Melcher. (Flow is north - to the left).

Looking south at the mouth of both the Rio Chamelecon -

and Canal Del Cruce (Stays open to Caribbean 
all year). _
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Looking east at the top of the El Cajon dan from the upsLream side
(Note: Emergency spillwav sills In1 foreground).
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Looking west at Rio Lean braided channel in the

C., vicinity of the town of Buenos Aires (under flooding
conditions).
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'ILooking northeast at the plugged mouth of the

Rio Chapaqua on the Caribbean.
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Looking south at the Rio Aguan channel near Tocoa

".e note evidence of heavy sediment loads carried by

" the river).
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Looking south at the Rio Aguan channel near Tocoa

t (note sedimeot deposits).
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Looking north at the Rio Mame (with bridge crossing)
entering the south bank of the Rio Aguan, about
25 kilometers upstream from the town of Saba.
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Looking generally west (upstream) at the Rio Aguan
channel in the vicinity of the town of Saba.
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The following appendix is included in this report to provide a
record of the field investigations, meetings, points of contact, and
available data, concerning the problem of north coast flooding. With
respect to the available data listed in this appendix, much of these
data are now on file in the Mobile District, should any future need
arise where they may be helpful.

Following this page is a copy of the 3 November 1986, letter frcw;.
President Azcona Hoyo to President Ronald Reagan, which requested U.S.
Government assistance with the flood problem along the north coast of
Honduras. 0
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Nov aiber 3rd1.. 1986 ,, P

We nave learned that the U. S. Axm Cori of EnqjAmw-Niw ()r-
'loanm District kam requested pissio to wu mgc to asst Son-

production in Honuras is the C t us fl k. n by Ian of our:
rives, m. nly, th Uld, Cmlec~n, Lea and A;uan riAvers.

Wehave spent; inportant funds into nki n a to t d the

. %
beon ou awns

leans has so= dradqLs aria ow- equip-ant that us no longe neewa.
and can be use t~o acc piasn par of this project. '

We requst tat Preident Paan assi Hd'um in t h a4or-

loans Distr ict to undartake the project: using thi tadmical
axitlls, as %ell s t ir.. availaJble equipet~..

teaddtional lan that will be avarable for aqr-icultu-al
purposes will help tk uas pramtre cur Aqarian Raf1orm and will in-
crease our agricultura.1 productiAon and exot, helping us to im-
pr:o" our eocn==c ana socia.1 situtiAon. >
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SECTION B -.

PHASE I AF-ACTIO REPORTr -b

Following this page is a copyn of the 12 May 1987 message transmitting

the Phase I After-Action Report, followed by a copy of the After- "4
Action Report itself. S
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USCIMc3 c9JAM HEIQGl' PN//SCEDVI/

IFIO: COfVSKIG TECIGALPA HQ//

AM EMBASSY THJCIGALPA HO//LTC F(EIH/

CM USARSO FT CaAy1Tm ?t/S0EN-MK//

CDR J'T-9RAV0 PAUW.ROA AB HO//DCS EM//

DA~ WASInc11N DC//OSW/

DA WASHNrflN DC//bAEN-ZQ'V/

CD SMAALNAGA/SADM4-K

COlE AREA CFFICE, HD (TELZMPY) //ARE.A ENR//

UNCLAS

SMB: NORTHI COAST OF HONDUJRAS DREDGflZ S1UDY -PHASE I AFTER ACTION

REPORT SvM
CLINTON,'

REF: MSG CDRUSAD MOBILE AL 161335ZAPR87, SUBJ: KATJAN VALLEY HU IN
MUELLER/I

DREDGING, HONDUlRAS cot.EY/ U

1. PHASE I COINAION VISIT TO HONURAS WAS 0CLM = .1AY 87.DM

MEET'INGS WITH ME OF AM EMBASSY, EJSAID, AND HONDRAN GOVEMU

(008) WRE CONDUCr! AND AN OEPFLIGHfT OF TH AUAN VALLEY WAS

0

4AJ WALTER ENNACO
EN-M EXT. t4. 1 AY 87

LTC LESLIE A. ROSE, DM

UNCLAS
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PA 2 C 4

PEMVFNW.

2. FINDINGS INDICAT TW PRMIL HINDERING PLAWING AND COMPLETION

OF TH PHASE I I SIUD:

A. TECHNICAL PRO : THE RIV SYSTEMS OF THE NORTH COAST ARE VERY

Clh bDC N (OI6TANTLY CHIAING. PAST SItUDIES Or M RIVM BASINS

HAVE BE PEI WHICH fLM3oDE ( HE aIVE PLANS AND RE-O)MM

EUNWER SPECIFIC SIUDIES To SUPMR THE LA. ALTHl= SOM SMALL

RELAED FLO COU12 PRDECTS HAVE BEEN IMPLEENIE, MOST HAVE NOT

BEEN ATTWM DUE TM LAaZ PRICE TAGS OR DISpiaDMM AS To THEIR

APP2OMIATEESS. WUHOIW'AN UM MWMM2D C THE = A ONS O THE

VARIOUS BASIN PF3ECTS, IT WOLD BE IAPPI PRIMTE M mAE ANY HASTY

R WGMATIONS TO R=E FLODING WITH A BASIN-WIDE PROGRAM.

B. INSTITUTIONAL PROBLEM: THERE IS STILL No SfNLE poINr OF (MMCT A.4

(POC) IN THE GOH WHO CAN RESLVE THE ISSUE OF WHICH SPECIFIC PROBLEMS

AND WHAT GPAPHIC SCOPE SHJLD BE ADD=ED BY THE (RPS. THE (GH

IUST ESTABLISH A (NSESUS AS TO THE APPROPRIATE SCALE OF PLANS FOR

IMEMENATION. SOME FVC FEEL PRIOR W RECOMMENDATIONS A-RE ON

TM LARGE A SCALE (FINANCIALLY) AND OTHERS BELIEVE THE pRMLE.S CAN

ONLY BE SOLVED BY THE LAR CONSTRUCION PROJECTS RE(m ED. USAID

amo.Y uRJES A LICY OF IMP NEM ING SMALL PRJECTS (FY85-FY89)

AND IT IS UNLIKEY THM WILL FUND A MASSIVE BASIN-WIDE PLAN WHICH

TADITIONALLY WO BE FUNDED BY THE WORLD BANK OR INTE PICAN -U

DEVLOPE BA.

A-6
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3. = aX B" ALM= INED RELo3L S ON MAY LAF2 STlDI ES AND .,

IT SED DP P.PPp FOR MOBILE DISTRICT TO ADD ANIR SDY TO 1

THE PILE. T7 A (S'ff.Y EXE ITM AND TO ENABLE MOBILE DISTRICI

To E'FICm my UTILIZE nWl ION GA1W IN PREVIOUS SDIES, WE

REICOMM TEE FIOLaWD-G:

A. S=4 ASIMNhZ fIN DEVOPING THM)GH TIM AN EMBASSY A SINGLE POC

(WITH AnIOTY T0 DIRECT THE S= EFFORT) WITHIN THE GDH NLT 18 MAY

87.

B. SCEN SHW DIECT US TO REUCE THE SCOPE OF WOIM FOR PHASE II.

WE SUGET LMITING THE SCOPE OF WORK TO THE MDETMS OF THE RIO UtSJA,

RXO LEAN, AND RM GJAN AND THAT THE F=OCS OF EFFOMR BE DIRIX' TO

Pt=WC 1N THIRucH THE PROVISION OF MORE EFFICIENT FLiO BY ANY

APPROPRIATE PHYSICAL MEA. GIVEN THIS REDCED S(PE, WE BELIEVE

IGINIEr MARIO MOEADA OF THE MINISTERIO DE XO'tVNICACICNES, CBRAS

:J'BLICAS, Y TRANSPRTE (SEEDPT) WOULD BE INVALUABLE AS POC lF HE WERE

GIVEN A.flIORITY TO WORK WITH THE HONDURAN INSTITTIO PRARIO (INA).

C. IF REOMMEATION A AND B ARE SMUISFACIIEf, WE RE(MMCM SCM

CONCUR WITH THE FELOIN PHASE I I PROCUCT DESCRIPTION:

(1) A REPORT TO SUI'HCDM (flMMANVER OUTLINrNG: NEAR TERM, SMALL SCALE

PLANS FOR POSSIBL EAPLY IMP[MGMATION; A PLAN OF S=TJD O DMVWP

ME LONG (ODHNSIVE So ; RG COSTS FOR TH NEAR T

SLL7TIONS AND THE LONG TERM SnMDY PLAN.

(2) PHASE II EFFORT WOULD BE ACCOKIrSHED BY SITE REWDN AND .'rN' S

IN HONCURAS OVER A TW WE PERIOD (PREFERABLY 25 MAY-5 JUNE 87) BY A ',..S

FIVE MAN TEAM. ORDrNATION TM BE WITH LTC KEITH, AM E'ASSY, 18-22

MAY 87.
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4 i~31'3~I~ 1 p'~aX"MMONS IN PAPA. #3 NLT 18 MAY 87

INII Ow To OKF pi2 AM II ?IDT 15 JUE 87, AS REWMr

TLI.T IVC MUSr ALMO w3 axwnum' w 18 MYX 87.

6. pW TgIS CYtICE: M=T! LAWS Olt MA.J MI,, AV 457-2761.
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AfJ~ri__eport - Phase I

From 27 April to 1 May 1987, Mr. Mathew M. Laws (SAMPD-FC) and Mr.
Kenneth D. Underwood (SAMEN-YD) conducted Phase I of the USSOUTHCOM
Engineer Support Plan. The SOUTHCOM point of contact is LTC James
Brink SCEN (AV 222-4211). The purpose of the Phase I mission was to:

1. Identify Problem Areas.

2. Determine Available Data and Requirements for Additional Data. .1.

3. Identify Points of Contact.

4. Define Scope of Work to be Accomplished in Phase II.

Meetings in Honduras included briefings by and for members of the US
Embassy staff at Tegucigalpa, discussions with officials in USAID at
Tegucigalpa, and discussions with various agency heads and technical

advisors of the Honduran Government. While in Honduras the team was
assisted by the Mobile District Construction Division Area Engineer,
Mr. Leo Philips (32-5170), and by Mr. Jorge Zapata (32-7455), also
assigned to the Area Office. Mr. Zapata is bilingual and was of great
assistance in the team's efforts to locate contacts within the V
Honduran Government. The central point of contact at the Embassy is %
LTC Lewis Keith (9-011-504-32-3120 ext. 2310). Individuals from the
Embassy who participated in discussions and briefings included:

1. LTC Lewis Keith - Army Attache, Honduras
2. CDR Richard Strum - Naval Attache, Honduras
3. V. Manuel Rocka - Pol/Mil Officer, Am Embassy N
4. Ms. Janet Potash - Econ Officer, Am Embassy
5. Mr. James Magnos - Econ Officer, Am Embassy
6. Mr. Elio Viara - Pol Officer, Am Embassy
7. Mr. Rod Saubers - DNA-IAGS, Honduras (Tel 33-7435)

Representatives of USAID who were contacted in Tegucigalpa included:

1. Mr. Richard Peters - AID, Honduras S
2. Mr. Val DeBeausset - AID, Honduras
3. Mr. Lynn Sheldon - Chief Engineer, AID, Honduras
4. Mr. Hugo Elvir - Engineer, AID, (Former Head of Honduran

Department of Natural Resources)

Representatives of the Honduran Government in Tegucigalpa who were S
contacted included:

I. Lic. J. Francisco Funez - Jefe Planificacion, Instituto
Nacional Agrario (INA) (Tel Oficina 32-4938)

2. Lic. Guadalupe Jerezano - Asesor Ticnico Direccion Ejecutiva
Instituto National Agrario (INA) (Tel oficina 32-4938) •

3. Ing. Mario Alcides Moncada, (Ingeniero Civil) - Jefe
Departamento Obras Hidraulicas, Direccion Genera] Obras Civiles,
SECOPT (Tel Oficina 33-7644)

A-9



NOTE: SECOPT is Secretary of Communications, Public Works and
Transportation.

4. Mr. Carlos Falck, Minister advisor to President Azcona.

During the field reconnaissance of the Rio Aquan Valley, Mr. Rolando
Mendoza Garay, Sub-Jefe Regional, INA, was met in Sinaloa for

discussions of flooding and agricultural problems in the lower Rio
Aquan.

Additional points of contact were also identified, but circumstances
did not permit a meeting or discussion. These individuals may also
have pertinent information concerning problems and previously proposed
solutions for flooding along the north coast:

1. Dr. Hector Tablas, Recuras Hirdrologico, Instituto Recuras
Natural. (This man was once the head of the Projecto Bojo Aquan, it 7

is not known if he is still with the Honduran Government). Projecto
Bajo Aquan is the agricultural project for the lower Aquan (includes
works for irrigation, flooding; and infrastructure such as roads,
power, and railroads).

2. Mr. Randy Flemming, Manager of Standard Fruit Company, at
LaCeiba.

3. Mr. Jorge E. Craniotis, General Manager, National Port
Authority, Puerto Cortes, Honduras.

0
The most knowledgeable points of contact concerning flooding and

agricultural development along the North Coast of Honduras were: Mr.
Mario Moncada, Ms. Guadalupe Jerezano, and Mr. Rolando Garay. Mr.
Moncada is a civil (hydraulic) engineer with a good technical

background in the water resources problems of North Coast Rivers. He
has access to a large number of comprehensive reports prepared by
various international consulting firms under contract to the Honduran
Government. Ms. Jerezano is the Technical Advisor to the Executive
Director of the Honduran Department of Agriculture (INA). She also
has access to numerous reports prepared for INA concerning

agricultural development, irrigation, flooding, and infrastructure
needs within the North Coast River Valleys. Mr. Garay is the regional S
project manager for the lower Aquan River Valley. He works with the
farm cooperatives, and private developers to implement improvements in
agricultural practices, management, irrigation, and flood control. He

is very knowledgeable and has first hand experience with flooding in
the lower valley. Mr. Garay also has copies of reports on the water
resources of the Rio Aquan, and is fully aware of the numerous 0
recommendations made by various consultants to correct flood problems. V
Mr. Garay and Ms. Jerezano work in close cooperation, but both are
only minimally acquainted with Mr. Moncada; and, there is no close
coordination between these two agencies of the government. Although
the team did not have an opportunity to meet and discuss flooding
problems with Mr. Craniotis, General Manager of the National Port S
Authority, he also has an interest in North Coast River flood problems

and would need to be coordinated with on any return trips.

A-10

- ~41



The areas of geographic interest included the North Coast Rivers: Rio
Ulua, Rio Chamelecon, Rio Lean, all river valleys between the cities
of Tela and La Ceiba, and the Rio Aquan. These rivers were identified
by Mr. Mario Moncada and US Embassy representatives. Two areas of
prime interest seem to be, through the discussions with Honduran
Government representatives, the lower reaches (from mouth upstream for
about 80,000 kilometers or about 50 statue miles) of the Rio Ulua, and
the Rio Aquan. Since it was known before the Phase I trip took place
that there was a special interest in the Rio Aquan, (President Azcona
is from that part of Honduras) an aerial reconnaissance was made by
helicopter by the team. This flight was coordinated by LTC Keith and
provided by Joint Task Force Bravo out of Palmarolla. The entire Rio
Aquan Valley was flown from the City of Arenal to the river mouth in ".
the vicinity of Limon and Santa Rosa De Aquan. (Photographs and
slides of pertinent features were taken along the entire river
length).

Based on the discussions, meetings, and the aerial reconnaissance
conducted in Honduras, th. .apr D.I1_ _ ti -pegbl

Techn c. peI The Technical problems center on the
following points:

1. The river systems of the Rio Ulua and the Rio Aquan are
physically very complex. They both are similar to the lower
Mississippi River Basin in Louisiana. A meandering and dynamic river
alignment with many distributaries, tributaries, and existing water
resource structures (numerous levees of varying degrees of protection
and complex interior drainage systems). Also, they both carry large 14

amounts of suspended sediment and bed loads that are filling the old
channel reaches at the mouths (Caribbean). Alternate river routes are
developing and some encouragement by excavation has been implemented
on the Ulua. This silting is apparently being aggravated by shoaling
at the mouth supplied by a net westward littoral drift along the North
Coast.

2. Past studies have been conducted of both river basins that
include comprehensive basin wide (frame work type) plans, and project
specific studies for the various facets of the comprehensive plans. K
All of the studies were performed by extremely reputable international
water resources consulting firms such as: Charles T. Main L.T.D.,
NIPON, and Harza. Parts of the plans and projects recommended have
been implemented; some have not been implemented, either due to their
large price tags, or some disagreement as to their appropriateness.

ppjdri g. tb.e. ppJexJy. pf, these syste.ts,..xe.- rpp. 1bq J k mak
bj.atjy.xpqnp p s. ito. ppOjs I b.. pjnks. fID94,
b.aJDj._ebasis. An understanding of the interactions of the various
elements of projects which now exist in each basin will be essential
to developing a reasonable course of action for future implementation.

In addition to the technical complexity of the physical water resource
systems previously described, there are institutional problems with
focusing on a specific scope of work for Phase II, and in developing
sore consensus with the Honduran Government as to the appropriate

A-li
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scale of plans for implementation. Some of the points of contact feel
that the recommendations from prior studies were on too large id a.
scale, and that less costly solutions are more likely to be
implementable; while others see the problems as only being solved by
large construction projects similar to those recommended in prior
reports. Currently,_ybvie.. .n ? J 9 par ent- si na1Dl .a
in the Rg'ndU"X PQy&ZDmept_ ybp_ .. _1~ ly tbYrAbLJ "t2 iupn Lp if ica41y
wha I? rob 1 zLad &ge&xtbi idly- br-b addre.§:. a d_ bythe Corp

USAID is currenlty pursuing a policy of implementing small projects as
opposed to very costly large scale developments. It is unlikely that
funds will be made available for construction of massive basin wide
plans under bilateral assistance programs in the near future, due to
other priorities and the propensity of A.I.D. not to finance large
infrastructure, which is traditionally financed by the World Bank or
the Interamerican Development Bank. In 1984, AID prepared a strategy
paper for short-term and long-term development in Honduras for fiscal
years 1985 through 1989, which strongly reflects this kind of policy.
These plans did not include any strong inputs into the Rio Aquan or
Rio Ulua Basins.

!Zpxernmet.. . Tb3is. ofjj ptJe. ih jP J 5. MA. 19y~A. P PL,_L

date. The District believes it would be a mistake to expend the
resources (manpower, funds) to complete Phase II without clearly
defining the requirement, and having concensus between the proper

officials of the Honduran Government and the US Embassy.

limi~t _t_.b eppaj~s. pf. .t~i.i.p_ Pjpa. ip.'vp Rip hoo~p. PP)Y, - Thai:

provispfpI pe _p . j fJpV, by_ y apPrQ~Ii~ir.pbyiJ JL n

On this basis the most appropriate single point of contact vJth the
Honduran Government would be Mr. Mario Moncada, with the authority to

work with INA officials as needed. The Phase II effort would reqnire
site reconnaissance and meetings in Honduras over about a 2 week
period (probably occuring from 25 May through 5 June 1987). The team

to conduct such a reconnaissance would consist of the following:

1. Team Leader (Water Resources Planner/Engineer)
2. Hydraulic Engineer (River Mechanics Specialist)

3. Foundation and Soils Engineer
4. Dredging Engineer
5. Agricultural Economist

Meetings and logistics for the reconnaissance in Honduras can be
arranged through the US Embassy (LTC Lewis Keith) during the week of
18 through 22 May 1987, by MDO team leader, Prior to the trip the
team would be engaged in reviewing previous reports obtained during

the Phase I work effort, and will be contacting the appropriate

A-12
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individuals with international consulting firms who have knowledge of
these river systems.

The Phase II product would consist of a report to the SOUTHCOM
Commander which would outline near term, small scale, plans for
possible early implementation; and present a plan of study to develop
more long term comprehensive plans. Tie Phase II Report would also
include the establishment of the appropriate costs for further study,
and the rough cost of implmentation of near term alternative solutions
to flooding. A plan of implementation for both the near term

, solutuions, and further study would also be presented. SOUTHCO
4.. QflLx . iL aalso requesIV dAP . 2L lo reoues ted by

1 MayI1987. A key element in any further study of long term basin
wide solutions would be the development of a coordinating team
consisting of representatives of the Corps, US Embassy, USAID, and the
appropriate agencies of the Honduran Government, as well as local
community officials. This type

* ~ ~ onu uZ-. -- 00 pot. be upvrtItkea. iiiI.iQLraQbl
~ ~ be. p~. Too many

large studies have already been performed at great expense for the
Corps to add to the pile. Maintenance of Corps credibility would
require sove concensus of implementation feasibility during Phase II
before any costly further work is undertaken.

MA THEW M. LAW SII I
Chief, Coastal Section
Planning Division
Mobile District

A-13
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SBrTION C
TRIP I INERAi

p.

Matt Laws - Chief, Coastal Section, CESA--PD-FC (Team Leader)

Ted McDonald - Chief, Economic Analysis Section, CESAM-PD-FS
Kenneth Underwood - Hydraulic Engineer, CESN+-EN-YD

Johnny Tyson - Geotechnical Engineer, CSAM-EN-FS
Roger Gerth - Civil Engineer, CESM-OP-ON

Ur

LTC Lewis Keith - Army Attache, DAO

Lic. Elio Viara - Political Section (interpreter/attorney)

MOAY 25 JANWJM 1988

Travel to Tegucigalpa, Honduras (arrive 1630 hrs).

Pick up by ODE Area Office (Jorge Zapata) transportation to Hotel
Alameda. Contact LTC Keith to coordinate time for Tuesday meetings.

TUESDAY 26 JAWJAIX 1988

Meeting at U.S. Enbassy at 0800 with L7C Keith and staff with team to

coordinate ground transportation requirements and reconfirm meeting
time with SECOPT officials. Meeting at 0930 with team and SECXPT

(Ing. Torres and Ing. Moncada). Depart SECOPT at 1530 enroute to
meeting with Embassy staff at 1600. Depart U.S. Embassy at 1730

enroute to hotel.

WEMDY 27 JA!KNU 1988
Depart Hotel Alameda at 0600 enroute to Palmerola. Arrive JTF Bravo

0730. Depart JTF Bravo (Eagle 75) via helicopter for field

reconnaissance. Passengers to include: Corps team, Mr. Viara, Ing.

WMocada.
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Flight Plan - Palmerola to La Florida at the confluence of the Rio V

Lean and Rio Alao. Flying north following the Rio Lean to its mouth

on the Caribbean Sea at Colorado. Then flying west along the north

coast following the coast line to the mouth of the Rio Ulua at Barra

Ulua. Then flying south along the path of the Rio Ulua to the

vicinity of Finca El Tigre where a canal joins the Rio Ulua with the

Rio Chamelecon. Land to inspect canal. Resume flight following Rio
Ulua to the bridge near La Junra. Then flying north west to Puerto

Cortes and Laguna de Alvarado. From the vicinity of Traresia on the a.-

Laguan then fly east along the north coast to the mouth of the Rio

Chamelecon. Then turn south to fly along the path of the Rio

Chamelecon to the vicinity of Canpana where a canal from the Rio Ulua

joins the Rio Chamelecon. Land to inspect the canal. Resume the

flight by continuing to follow the Rio Chamelecon up to the mouth of

the Rio Choloma near Los Carros. Then fly along the Rio Choloma to
the sediment dam on its tributary near El Portillo. Land and inspect
the dam. Return to Palmerola. Return from Palmerola via U.S. Embassy

vehicle and driver to Hotel Alameda in Tegucigalpa.

THUFRMIY 28 JANWW 1988
Depart Hotel Alameda at 0600 enroute to Palmerola. Arrive at 3IF

Bravo 0730. Depart JTF Bravo (Eagle 85) via helicopter for field
reconnaissance. Passengers to include: Corps team (less Mr.
McDonald), Mr. Viara, Ing. Mancada.

Flight Plan - Palmerola to Saba on the Rio Aguan (refuel between at

appropriate point). Land in Sinaloa to meet with Mr. Rolando Mendoza a

Garay GOB-INA Sub Jefe Bajo Aguan. From Sinaloa fly along the Rio fa

guan to the Durango Bridge. Land at bridge to inspect channel.

Resume flight along Rio Aguan to Santa Rosa de Aguan on the Caribbean.

Frm the mouth of the Rio Aguan fly west along the north coast to

Limon and the mouth of the Rio Limon. Then fly upstream along the Rio

Limon to Francia (distance about 30 miles). From Francia continue to

follow the Rio Limon (now called the Rio Piedra Blanca until it joins

the Rio Aguan (distance about 25 miles). Then fly west directly to
the town of Tarros. From Tarros fly north following the path of the

A-17
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Rio Chapaqua. Land at the major bridge crossing near Colonia del

Aguan to inspect channel. Resume flight along path of Rio Chapaqua to

its mouth on the Caribbean between Santa Rosa de Aguan and Maranones. -.

Then fly west along the north coast to La Ceiba. Refuel at Goloson,

then fly west along the north coast to the mouth of the Rio San Juan

near Boca Cerrada. Turn south and fly along the path of Rio San Juan

to La Soledad. Return to Palmerola.

NOTE Due to weather conditions (heavy fog at ground level) flight

was grounded in La Ceiba overnight. Flight plan was resumed on Friday

25 January 1988.

FRIDAY 29 JANEARf 1988

Field reconnaissance as described above completed with return flight

into Tegucigalpa. Team picked up at international airport by U.S.

Embassy vehicle and returned to Hotel Alameda. LTC Keith was

contacted and remainder of Phase II mission was rescheduled and

recoordinated (since one day was lost).

SM 30 JANUARY 1988

Team meeting to discuss field reconnaissance results and begin writing

briefings.

S-LMM 31 JANMA 1988

Team departs Hotel Alameda and Tegucigalpa via Embassy vehicle and

driver enroute to San Pedro Sula at 0830. Arrive Hotel Copanto at

1100. Afternoon work by team on briefings and report.

A-18
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motpu 1 FEY1AM 1988

Team departs Hotel Copanto at 0730 enroute to Puerto Cortes (with Elio,,

Viara). Meeting with Ing. Marco Tulico Ravenau, Director of Dredging
Department, Honduran Port Authority (ENP), at 0900. Meetings and

discussions with several officials in the Puerto Cortes area. (Ing.

Hector Martinez, Chief of Hydrographic Section (ENP)I Ing. Carvajal,

Assistant Chief of Hydrographic Section (ENP); Ing. Julio Ortiz,

Manager of Operations, Texaco docks). Team deports Puerto Cortes at

1330 enroute to Tegucigalpa. Arrive Hotel Alameda at 1800.

TUESMAY 2 FEBNAW 1988
Team departs Hotel Alameda at 0800 enroute to U. S. Embassy.

Discussion with U. S. Embassy staff from 0830 to 0930 on tone and

content of SECOPT outbriefing by the team. Team conducts outbriefing

for SBEPT officials (Ing. Jose Emilio Torres, Director General of
Civil Works) from 1000 to 1200. Team returns to U.S. Embassy at 1330

for outbriefing of Embassy officials. Return to Hotel Alameda at

1630.

WEDNESDY 3 FEBMWIM 1988

Team departs Tegucigalpa at 0600 enroute to Mobile, Alabama.

A-N-.
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U.S. EMMSS, HONURA
1. L7C Lewis Keith - Army Attar-he (Tel 32-3120 ext. 2310) "%

3. V. Manuel Rocka - Pol/kil. Officer -

4. Ms. Janet Potash - Eco Officer
5. Mr. James Magnor - Econ Officer

6. Lic. Elio Viara - Pol Officer (Tel 32-3121/29 ext. 2248) .
7. Mr. Rod Saubers - DNA:-IAGS (Tel 33-7435)U.S. AID, HOtS

1. Mr. Lynn Sheiden - Chief Engneer

2. Mr. Val DeBeau set - Agricultural Engineer
3. Mr. Hugo Elvir - nlgineer (former Director of Honduran Department

of Natural Resources) ,

INSTITUTO NATIONAL AGRARIO (INA) p
(National Institute of Agriculture) ,

5. Mr. J.s Franorsco Eon- OffierPaii n(hifo lnig

(Tel 32-4938)

1. Mr .L ryn s oe -ue Chiefe ng n co (he f l ig

2. Lic Guadalupe Jerezano - Asesor Ticnico Direccion Ejecutiva

(technical assistant to the Executive Director) (Tel 32-4938)

3. Rolando Mendoza Garay - Sub-Jefe Regional Projerto Bajo Aguan (Tel
in Tegucigalpa 32-2562, Radio at Sinaloa 32-1739)

SECRETARI ATON TIONS PUBLIC WORK AD TRANSPORTATION

(SBCOPT), DIRBQCION 020 DE OMWS CMMEaS
1. Ing. Jose Emilio Tores - Director General of Civil Works ng

(Tel 33-4525)

2. Ing. Maro Alcides Mncada - Jefe Departmento of nbras Eidraulicas

(Chief of Hydraulic Works) (Tel 33-7644) T
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EMPRES NATIONAL PORIIUARIA (ENP)

(National Port Authority)

1. Ing. Casanova - Director

2. Ing. Maranda - Vice Director

3. Ing. Marco Tulio Raveneau - Jefe Departmento Dragado (Chief of

Dredging Department) (Tel 55-0435/25)

4. Ing. Pio Alvarez - Direccion Dragado Operations (Director Dredging
Operations)

5. Ing. Hector Martinez - Jefe Departmento Hydragraphic (Chief of
Hydragraphic Department)

6. Ing. Carvajal - Sub-Jefe Departmento Hydragraphic (Assistant Chief

of Fydragraphic Department)

INSTI7YIO RECURAS NAWRAL
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REPORTS PREVIOUSLY PREPARED BY OTHERS

1. A Prefeasibility Investigation, Sula Val-ev Develorzent, Honduras

C. A. prepared by Jordan/Avent and Associates, Montgomery Street, San

Francisco, California, September 1984 (USAID PIO/T No. 522-9103-3-

40050). (Document is in English.) A

2. A Flood Control Mitigation Plan, Plan De Desarrollo Para

Mitigacion De Avenidas En El Valle De Sula, prepared by the Tela

Railroad Company's Department of Engineering, Tegucigalpa, Honduras

C.A., December 1980. (Document is in Spanish.)

4. The Feasibility Study On The Aquan Valley Agricultural Development

Project (Saba - Olanchito Area) Draft Final Report, Volume I - Main

Report, prepared by Japan International Cooperation Agency (JICA), -

Tegucigalpa, Honduras, C.A., March 1985. Also available was Volume .

II - hAgendices, and Volume III - Drawings. (These are bilingual

documents.)

5. A Basin Wide Study of Water Resources, Plan Maestro Hidraulico

Integral Para El Valle Del Rio Aauan, Volume I - El Plan Maestro,

prepared by Sir William Halcrow and Partners, Consulting Engineers and

Architects, Tegucigalpa D. C., and London, England, Decerber 1983.
Also available was Volume VI - Schematic Drawings. (These documents

are bilingual.)

0
6. A Study and Project Designs for Hydraulic Works on the Lower Aguan

(Saba to mouth), Provecto Estudios V Disenos De Obras Hiqraulicas Del

Balo Acuan, prepared by a consortium of Charles T. Main International,

Inc., Boston, USA, Consultores Latin Americanos Associates, Lima,

Peru, and Gabinete Tecnico, S.A. de C.V., Tegucigalpa, Honduras, June

1981. (Documents are in Spanish.)
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Information available in the referenced studies included agricultural,

hydrologic, and meteorologic data which was monitored at various -.-

stations along the north coast. Depending on the particular station,

data collection efforts varied and included observations of stream
flow and stage, water quality, sediment load, plus the meteorologic

parameters of rainfall, temperature, relative humidity, evaporation,
sunshine duration, and wind speed. Selected data extracted from the

reports is included in Section B for the Aguan Valley, and Section C
for the Sula Valley. Data collection efforts within both the Rio Lean

and San Juan Basins is ongoing, but not as extensive as those in the
Aiguan and Sula Valley Basins extend into the areas of the Rio Lean and

Rio San Juan. Selected agricultural data are presented in Section D.
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Fig.B-10-( ) MEAN RAINFALL M PERIODC SUNSHINER-NMI 4RA

F9P-1981) B-17
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PRBCIPITACION MAXIMA 24 BORAS DE DURN2 ION PARA DIFERENTE

PERIXDOS DE RETIORF EN LAS AREAS DE DENAJJE DE IDS RIOS

DE LA ZIN DE ESTUDIO B-19

PRECIPITAIION~ MAXIM PROBABLE COlN DIFERENTES PERICCOS DE

REV~tRW EN EL RIO AGUN B-20

PRSCIPITAICION MAXIM VS IIIRACION Y AREA DE LA CUJENCA EN

EL VALLE AGELhJ4 B-21 )

PRECIPITPION MAXIMA PARA DIFERENTES PROABILIDADES DE

OCURRENCIA, Y DIURACION EN EL VALLE EMJO AGIAN B-21

PEISTIR)S DE PltBCIPITACIOt4 B-22

Fig. 3-1 AUAN RIVER BASIN CUENCA DEL RIO NJAN B-23

PRINCIPALES TRIBMrRIOS Y OTRA QUEBRADAS MNRES DEL

VALLE BAJO NJAXAN B-24

PRINIPALES TRIBETARIOS Y aTRAS QJEBRADAS MENOERES DEL

VALLE BAJO AGUAiN (COWrIMtCION) B-25

PRINIPALES TRIBUTARIOS Y OTRAS WJEBADP MENORES DEL

VALLE BAJO AIUAN (CONInMBC ION) B-26

DESMAGA MAXIMA PRO)BABLE CARACI'ERISrICO DE LOS RIOS EN

EL RIOS EN EL AREA DE ES'IUDIO B-27

DECARGA, PICO PARA DIFERENTE PERICDO DE PERICI)O DE RETIORNO

DE LOS MAS IMFORTANTES RIOS EN EL AREA DE ESIUDIO B-28

CARACTERISTICAS GOGRAFICAS DE LOS RIOS EN EL AREA ESWID B-29

HIDRAMA, DE DESCAWAS MAXIMAS DEL RIO AGWAN (X)N
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Table B-8 Details of Flow Recording Stations

LOCATION

STATION LAT. LONG. ELEVATION TYPE

1. ISLENA 15010'36" 87012'30' 560 A, S

2. ENEIDA 15001'15'" 86047'54"'  620 A, S
.,

3. SABANA LARGA 15023'43"'  86059'23 '  260 A, S .5.

4. TEGUAJAL 15021154 ' '  86045127 '  100 A, S

5. PTE. 0LANCHITO 1502712811 86032117''  120 A, S

6. PTE. MAME 15025'50'" 86027150"1 120 A, S, M

7. TEPUSTECA S, M

8. PTE. SABA 15031'29" 86014102''  70 A, S, M

9. PTE. REFORMA AGRARIA 15042'201 86000'30'" 34 S, M

10. SAN ISIDRO 15038'14 ''  85058'24''  80 A, S

11. QDA. DE ARENA S

12. PASO DEL AGUAN

(Briches) S

13. PTE. DURANGO 15648'36" 85047'00 ''  12 A, S

14. AGUA AXARILLA 15021'26" 85048'48 ''  6 M

ROTES: A - Autographic Recorder

S- Staff Gauge

M - Maximum Water Level Recorder

i.
I~i B-S
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PIEC1ITrACIctN MAMlA~ 24 1-URAS LIE DURACION~ PARA
DIFEMMS PERIODOS EE REIDRNO EN LAS AREAS DE

D WIE IE LOS RIOS DE LA ZNA IE ES2UDIO 0

..61 - _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ __o

10 AfMos 25 Aibs 50 Afhos 100 Afios .>
Nobre del Cauce (Pulg) (Puig) (Qug) (Puig)

Rio Aguan en Puente Durango 4.57 5.30 6.0 6.7

Rio Aguan en confluencia
Rio Tocoa 4.60 5.34 6.03 6.76

Rio Aguan en con£fuencia
Rio Juguaca 4.76 5.52 6.24 7.0 i

Rio San Pedro 5.57 6.46 7.30 8.19

Rio Cuaca 5.57 6.46 7.30 8.19

Rio Jaguaca 5.63 6.53 7.38 8.28 % %

Rio Tocoa 5.74 6.66 7.52 8.44

Rio Guapinol 5.67 6.58 7.43 8.33

Rio TaLj ica 5.66 6.57 7.41 8.32

Rio Monga 5.68 6.59 7.44 8.35

Rio Corocito 5.67 6.58 7.43 8.33

Qaebrada de Ceibita 5.71 6.62 7.48 8.40

Quebrada de Arena 5.69 6.60 7.45 8.36

Quebrada de Agua 5.72 6.64 7.49 8.41

Quebrada de Los Cocos 5.71 6.62 7.48 8.39

Rio a e 5.21 6.06 6.84 7.67

Rio Oqyanrl 3.45 4.00 4.52 5.07
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CUADRO 111-34 - %

PRECIPITACION MAXIMA PROBABLE CON DIFERENTES PER1ODOS

DE RETORNO EN EL RIO AGUAN-

En Conf. En Conf. En el Pte.
Especificaci6n R.Jaguaca R. Tocoa Durango

a) Precipitaci6n Max.1:10
afios (PI0) de la curva
de probabilidades dia- %
rio. 5.1" 5.1" 5.1" V

b) Area de la cuenca (a)
Millas 2 . 2603.0 3699.0 3949.0

c) Precipitaci6n Max.24 ho
ras 

L%

P'max 2 4 : PIx l '1 3 *  5.76" 5.76" 5.76" '.[.-

d) Coeficiente (c) de la I ,% '

cuenca. 0.33 0.33 0.33

e) Precipitaci6n Max.24 ho- 
%

ras en funci6n del Area
(P a-l** 

%.

Pa_1= Pax24(100-C Vf):1001 4.76 4.60 1 4.57

f) Precipitaci6n Max.24 ho-
ras con otros 

periodos

de retorno. %

Pa-25 P a-10 x 1.16 5.52 5.34 5.30

Pa-50 P x 1.31 6.24 6.03 6.00 )%

xa-10 a-10 1.47 7.00 6.76 6.70

* Rainfall Intensities, George H. Hargreaves, 1980

• Introduction to Hidrometeorology, J.P. Bruce, R.H. Clark
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CUAI 10 111-35

PRECIPITACION MAXIMA VS DURACION Y AREA DE LA CUENICA EN EL VALLE

AGUAN

(En Milimetros)

Area de la Duraci6n de la Precipitaci6n en Horas
Cuenca Km 2  6 12 18 24 30 36 48 60 72 96

25.6 400 715 908 963 1015 1045 1078 1118 1130 1130
256 350 658 813 880 913 948 972 1005 1015 1020
512 335 640 785 855 883 918 943 970 980 990
1280 313 615 743 818 840 875 900 923 933 943
2560 280 565 685 755 790 823 843 860 873 885
5120 235 443 563 620 658 683 710 730 743 763
12800 135 243 333 388 438 460 493 505 525 545
25600 83 165 215 265 303 328 368 390 410 433
51200 58 108 145 188 220 240 280 313 338 355

CUADRO 111-36
w

PRECIPITACION MAXIMA PARA DIFERENTES PROBABILIDADES DE OCURRENCIA

Y DURACION EN EL VALLE BAJO AGUAN*

(En mam)

Duraci6n Probabilidad de Ocurrencia en Afios

Min lor 1: 5 1:10 1: 25 1:50 1:100

5 27 32 36 40I
15 36 41 47 53 S
30 42 49 56 63
60 51 59 67 75

2 60 70 79 89
3 66 76 89 102 114
6 79 91 107 122 132

12 91 112 127 142 163 1
24 112 130 147 165 188
36 122 145 168 183 208
48 132 158 180 196 224

I Calculado en base BoletCn 140 para 75°W y 40°N
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J RD IIT-30 .V

PRINCIPALFS TRIBTrARIOS Y QI'RAS QUEBRADAS ?M0RES EL VAliE BAJO AUAN

Area de (m 3/seg) Dizensi& Puente
Drenaje Descarga Max.Probable Sobre Carretera(m)

Cauce mn Q1 0  Q2 5  Q5 0  largo x Altura

I Mirgen Derecha S

1) R.Jaguaca 120.0 430.00 530.00 600.00 48 x 3
2) Tr.del Balsamo 5.0 85.00 110.00 125.00 32 x 3
3) Q.E1 Balsamr 24.0 190.00 240.00 270.00 18 x 3
4) Cr.del Tepusteca 1.0 37.00 46.00 54.00 2 x 2
5) Cr.del Tepusteca 2.5 60.00 75.00 105.00 2 x 2 V
6) Q.Tepusteca 5.0 85.00 110.00 125.00 18 x 3
7) Q.los Cocos 20.0 184.00 214.00 243.00 32 x 3
8) Q.bnga 1.0 0.75 0.83 0.97 2 x 2
9) Q.Agua Caliente 5.0 2.86 3.18 3.72 2 x 2
10) R.!kbnga 40.0 240.00 300.00 350.00 48 x 3
11) Q. La Pava 3.5 2.12 2.37 2.76 12 x 2 S
12) Q. Regaderos 10.5 125.00 157.00 180.00 12 x 2
13) Tr.de Regaderos 1.0 0.75 0.83 0.97 6 x 2
14) Tr.del Achiote 1.0 0.75 0.83 0.97 24 x 3
15) Q.EI Achiote 14.5 147.00 185.00 208.00 24 x 3
16) C2r.E1 Achiote 2.0 1.13 1.48 1.73 24 x 3
17) Q.de Calmuyo 5.0 85.00 110.00 125.00 Tributa a Q.Honda S
18) Q.de Orica 7.0 100.00 126.00 150.00 Tributa a Q.Hnda $
19) Q.Hcnda 18.0 162.00 200.00 230.00 24 x 2
20) Q.Seca 7.8 105.00 132.00 158.00 36 x 2.5
21) Q.Prieta 3.0 1.87 2.08 2.43 24 x 2
22) Cr.Cuaca 0.5 0.42 0.47 0.55 42 x 2
23) R.Cuaca 250.0 615.00 760.00 820.00 '96 x 4
24) Tr.de San Pedro 2.0 1.33 1.48 1.73 42 x 3
25) R.San Pedro 257.0 620.00 770.00 850.00 72 x 3
26) Q.Collmita 11.0 125.00 160.00 180.00 24 x 2
27) Q.Zarca 3.0 66.00 84.00 96.00 24 x 2
28) R.Otiuinol 58.0 300.00 365.00 418.00 36 x 2.5
29) Cr.Beninas 2.5 1.60 1.79 2.09 36 x 2
30) Dren. Principal 1.0 0.75 0.83 0.97 6 x 1.5
31) Q.Ceibita 15.0 150.00 190.00 210.00 24 x 2
32) Cr.Ceibita 3.0 66.00 84.00 96.00 24 x 2
33) R.Tocoa 200.0 550.00 690.00 790.00 60 x 4 A,

34) Q. del Antigual 5.0 85.00 110.00 125.00 2 x 2 0

35) Q.del Tigre 2.0 54.00 68.00 72.00 2 x 2
36) Cr.YucatIn 1.0 37.00 46.00 54.00 16 x 2
37) Q.Yucatki 2.0 54.00 68.00 72.00 16 x 2
38) Dren.Yucatui 1.0 0.75 0.83 0.97 2 x 2
39) Dre.Sinala 0.5 0.42 0.47 0.55 2 x 1
40) R. Taujic 70.0 334.00 425.00 486.00 24 x 2 •
41) R. Vicjo 10.0 120.00 150.00 172.00 ,52 x 4
42) Q.JLn Antonio 13.0 137.00 175.00 213.00 24 x 3 I
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CiJ)PDO 111-30 ,Continuaci6n)

Areade (m3 /seg) Dimensi6n Puente
Drenaje Descarga MIax.Probable Sobre Carretera(m)

Cauce KnI2 Q2 5  Q5 0  Largo x Altura

43) Cr.Pedroso 3.0 66.00 84.00 96.00 10 x 2
44) Cr.Brichito 3.0 1.87 2.08 2.43 6 x 2
45) Q. de Arena 30.0 210.00 264.00 300.00 54 x 4
46) Cr.S.N. 2.0 1.33 1.48 1.73 12 x 2
47) Cr.S.N. 2.0 1.33 1.48 1.73 16 x 2 .'
48) Cr.S.N. 2.0 1.33 1.48 1.73 12 x 2
48) Cr.S.N. 2.0 1.33 1.48 1.73 2 x 249) Cr.S.N. 2.0 1.33 1.48 1.73 6 x 2r.'

50) Q.de Agua 14.0 145.00 182.00 206.00 36 x 3
51) Cr.S.N. 2.0 1.33 1.48 1.73 6 x 2
52) Q.de Briche 6.0 90.00 120.00 140.00 48 x 3
53) Cr.S.N. 1.0 0.75 0.83 0.97 12 x 2
54) Cr.S.N. 2.5 60.00 75.00 85.00 12 x 2
55) Q.Pablo Martinez 2.0 1.33 1.48 1.73 16 x 2 %
56) Q. Palmichal 2.0 1.33 1.48 1.73 12 x 2
57) Q. Arenosa 3.0 66.00 84.00 96.00 32 x 3
58) Q. Corocito 73.0 325.00 415.00 470.00 24 x 3
59) R. Tepi 8.0 108.00 136.00 160.00 33 x 3
60) R. Bonito 200.0 550.00 690.00 790.00 32 x 3.50

I MArgen Izquierda

1) R. El Terrero 40.0 240.00 300.00 350.00 No cruza camino
2) R. Montes de Oro 12.0 130.00 168.00 220.00 10 x 3
3) R. Ponciano 55.0 286.00 360.00 412.00 Tributa a Q.La Pita .
4) Q. La PiLi 19.0 165.00 210.00 240.00 15 x 3
5) R. Sonanguera 180.0 522.00 648.00 756.00 Tributa hulirrsquera
6) R. Qiurrusquera 45.0 256.00 324.00 369.00 Tributa al Ilanga
7) R. Guijiniquilapa 40.0 240.00 300.00 350.00 100 x 4
8) R. Ilanga 68.0 312.00 394.00 450.00 Tr.en Cuijiniquilapa >'..
9) R. El Coco 127.0 430.00 550.00 620.00 48 x 3
10) R. El Saladillo 14.0 145.00 182.00 2r6.00 16 x 4
11) R. ChapaguiLi 76.0 334.00 425.00 4 5.00 40 x 5
12) Q, Dona Juan 7.0 100.00 126.00 1 ).00 Tr.al Chapaguita
13) T. Tarros 15.0 150.00 190.00 210.00 No cruza canino
14) R. De Er-ne dio 12.0 130.00 168.00 190.00 No cruza canino 'V
15) R, El Claro 21.0 176.00 214.00 250.00 No cruza canino

III Cruces entre Corocito y Rfo Mapapua

1) Cr. Corocito 2.0 1.33 1.48 1.73 3 x 2
2) Dren. Corocito 1.0 0.75 0.83 0.97 2 x 1.8
3) Cr. S.N. AIi'iadero 109.00 135.00 24 x 2.5
4) Cr. S.N. Alivi id-ro 451.00 557.00 118 x 3.2
5) Cr. S.N. Aliviadcro 172.00 205.00 40 x 2.5
6) Cr. S. N. A]iviadero 451.00 557.00 200 x 3.0
7) Cr. S.N. A]iviadero 73.00 95.00 16 x 2.5
8) Cr. S.N. A1ivjalero ) .00 299.00 60 x 3.0 ._
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CUADRO 111-30 (C'antimiaci&O)

3
Aren de (m /seg) Dimensi6n Puente N,
Drenaje Descarga Max.Probable Sobre Carretera(m)

Cauce0 Q25  Q50  largo x Altura

9) R. AgLain (r o0) 10,228 690.00 816.00 124 x 4.0
10) Cr. S.N. Aliviadero 140.00 168.00 32 x 2.5
11) Dren Aliviadero 9.00 11.00 2 x 2
12) Dren Aliviadero 9.00 11.00 2 x 2
13) Cr. S.N. Aliviadero 371.00 409.00 32 x 6
14) Cr. S.N. Aliviadero 482.00 575.00 48 x 6
15) R. Q-apagua 70 324.00 387.00 192 x 5

I!
R (Rio)

Q (Qoebracda)

Cr. (Criquo) J~S.N (Sin Vcrnbre) e,

T (Tributario)
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WADRO II-3

IESCARGA MAXIMA PROBABLE CA]RAC=1EISTIC

DE LOS RIOS EN EL AREA EE ESRMTIO

Area de
RT * Tienpo al Drenaje Creager

Nobre del Cauce Pico m3 /seg Pico (hrs) Kin. "C'

_Rio Aguan en Puente
Durango 21,100 45 10,228.0 I l1

Rio Aguan en conflumcnia
Rio Tocoa 25,300 39 9,582.0 137
Rio Aguan en confluencia Rio

Jaguaca 28,200 30 6,743.0 174
Rio San Pedro 2,880 18 250.8 82

Rio Quaca 2,820 18 251.7 81

k Rio Jaguaca 2,235 7.5 123.0 97

Rio Tocoa 2,465 13.5 201.1 80

Rio Ouapinol 910 3.75 60.4 62

Rio Taujica 1,436 7 75.2 85

Rio 1-bnga 780 2.5 41.1 68

Rio Corocito 1,141 9.0 73.8 68

Quebrada de Ceibita 390 1.75 15.7 68

SQuebrada de Arena 490 3.25 30.5 53

Quebrada de Agua 179 1.5 12.5 37

Quebrada de Los Cocos 410 2.0 18.5 63

Rio Mane 10,145 20 2,076.7 101
Rio Cuyamel 388 14 48.6 30
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lS
UA 11-5 ""

DESCARCA PICO PARA DIFERENIE PERIOD) IE PE-

RIOD0 1E RIRROO IE IDS MAS fI0 TANIES RIOS -6

EN EL AREA UE ES'UDIO

Tianpo de 10 afios 25 afios 50 afwos 100 afios 0
Noubre del Caue Pico (Hr) m3 /seg. m3/seg. m3 /seg. m3 /seg.

Rio Aguan en Puente Durango 63.0 3,400 4,000 4,650 5,260

Rio Aguan en acofluencia,
Rio Tocoa 57.0 3,820 4,540 5,207 5,950

Rio Aguan en confluecia
Rio Jaguaca 51.0 3,840 4,550 5,212 5,950 '

Rio San Pedro 10.5 600 710 810 920
Rio Cuaca 11.0 620 730 830 940

Rio Jaguaca 7.0 600 710 800 910

Rio Thcoa 12.0 590 690 790 890

Rio Quapinol 3.75 280 320 360 410 V

Rio Taujica 7.0 390 460 520 590

Rio 1-brga 3.75 310 350 400 440

Rio Corocito 8.0 260 310 350 390 1. .

Quebrada de Ceibita 3.25 150 180 200 230

Quebrada de Arena 4.0 180 210 240 270

Quebrada de Agua 3.5 97 113 122 144

Quebrada de Los Cocos 1.7 167 194 220 247

Rio Mane 16 2,279 2,695 3,085 3,503

Rio Qyamrel 6.5 117 138 157 178

IIN
• Iniciandose en el nmmto que el agua en el cauce coAHenza a subir.

! "V
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CARACrERISTlCAS EOGRAFICAS

IE LOS RIOS EN EL AREA ESTUDIAY

Cien Lgtud H max H mrin

Nobre del Cauce Ki. Kin. M. M.

Rio Aguan en Puente Dur Zo 10,228.0 292.0 1180.0 10.0

Rio Aguan en confluencia
Rio Tocoa 9,582.0 238.0 1180.0 40.0

I Rio Aguan en cxxfluenciaRio Jaguaca 6,743.0 163.0 1180.0 90.0 K

Rio San Pedro 250.8 38.2 1270.0 50.0

Rio Cuaca 251.7 40.3 1210.0 55.0

Rio Jaguaca 123.0 19.0 1180.0 120.0

Rio Tocoa 201.1 31.7 1280.0 40.0

Rio aapirol 60.4 19.0 1370.0 40.0 -

Rio Taujica 75.2 17.1 1080.0 40.0

Rio F'nga 41.1 12.8 1280.0 90.0

Rio Corocito 73.8 21.9 500.0 30.0

Quebrada de Ceibita 15.7 7.7 970.0 50.0

Quebrada de Arena 30.5 13.3 540.0 15.0

Qebrada de Agua 12.5 7.3 280.0 20.0

Qxebrada de Los Cocos 18.5 9.5 1070.0 95.0

Rio ISme 2,076.7 94.4 1440.0 95.0 S

Rio Cuyarel 48.6 21.5 780.0 60.0
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HIDROGRAIM DE DESCARCAS t.1AI.K )EL RIO tGbAN CON PROBABILIDADES DE

OCURRENCIA 1:10 ;JOS Y 1:25 ADOS EN JAGUACA, TOCOA Y PTE. DURANGO.
PIES CUBICOS POR SECLIDO

'mpo desde Confluencia RJaguaca Confluencia R.Tocoa CWhflucncia rte.DurN',
inicio de -
lluvia(horas) 1:10 afios 1:25 afos 1:10 afios 1:25 afos 1:10 afios 1:25 acu

30 0 0 0 0 0 0
33 177 324 54 137 26 66
36 8133 10013 3543 4457 1722 2194
39 30820 37217 13721 16767 7806 9551
42 68462 81987 30554 37024 17533 21237
45 108293 129067 54947 66220 31608 38075
48 132750 157758 83611 100320 49613 59530
51 136391 161774 109376 130803 70175 83890
54 125373 148457 127200 151734 89720 196930
57 107733 127343 135782 161619 105421 125312
60 90887 107222 135290 160730 116321 137929
63 77108 90804 128186 152053 121513 143750
66 65477 77030 117791 139520 121236 143130
69 55821 65673 104861 124157 117046 137946
72 47596 56008 93955 111257 110323 129834
75 50969 48171 83941 99431 102223 120150
78 35309 41441 74825 88666 92648 108831
81 29980 35111 66583 78869 84365 99094
84 24481 18616 58602 89334 76175 89490
87 19055 22255 50872 60090 68780 8083090 14743 17217 43503 51283 61478 72274
93 11163 13035 36686 43166 54447 64025
96 8453 9870 30687 36060 47820 56242
99 6430 7514 25660 30137 41634 48972
102 4819 5623 21392 25113 35932 42261
105 3506 4087 17860 20973 30631 36024
108 2408 2803 14813 17390 26274 30898
ill 1597 1855 12093 14197 22439 26391
114 1147 1332 10007 11749 19315 22720
117 830 963 8350 9801 16601 19533
120 594 689 6912 8111 14410 16958
123 419 487 5642 6621 12471 14674
126 298 346 4714 5535 10696 12583

V 129 204 237 3938 4627 9061 10657
132 136 158 3266 3836 7711 9070
135 86 99 2665 3137 6677 7855

* 138 48 55 2122 2487 5768 6785
141 22 25 1620 1893 4947 5817
144 6 7 1147 1336 4199 4938
147 0 0 760 884 3633 4274
150 35 40 710 803 3371 3965
153 0 0 434 504 2717 3178
156 0 0 328 381 1461 1697
159 0 0 245 235 1067 1244
162 0 0 181 311 817 954
165 0 0 130 151 632 739
168 0 0 46 57 424 500
171 15 I1 108 5 586 E98
174 0 0 25? Q

10 7 )f1n6
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TABLA A-47

Frecuencia de Tormentas pars. las cuencas gue rodean el Valle de Sula

Aflos de Precipitaci6n max. de 24 brs. (mm)

Area y Estac16n Registros 10 aftos 20 aflos 50 aflos

Area CoB tera
La Ceiba 22 360 430 520

dTela 19 340 400 450'..

Valle de Sula

Vertiente Oriental

El Progreso 8 240 330 440

Buena Vista 8 220 270 360

Vertiente Occidental y Valle '

La Fragua 8250 320 430

Copdn 8 220 270 430

Lupo 7203050

Campana 11 240 290 360 -

La Mesa 12 190 260 340

La Mesa-Barandillas 33 160 190 240

Adoptado para el Valle de 2 '2
SuLa y Cuencas adyacentes 240-' 300-' 400-'

1/ Estos estimados son dudosos debido al gran coeficiente de desviaci6n comparado%
con Las otras estaciones de la regi6n.

2/Ligeramente mayor que el promedio de Progreso, Buena Vista, La Fragua, Copdn,
Cainpana y La Mesa. Los datos de Ceibita y Lupo no fueron utilizados en el 0
c~lculo del promedio, debido al desproporcionadamente elevado coeficiente de
desviaci6n. Los datos de La Mesa was Barandillas no fueron utilizados en el
cfilculo del promedio debido a que la precipitaci6n en el drea de San Pedro Sula
ea mnor que en el Valle de Sula y Las areas adyacentea en consideracifn tal
como se muestra en el mapa de hisoyetau promedio anual.
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ON TADLA A-44

CAUDALES MAXIMIS ANUALES ( s

-4A1N LA LIBERTAD EL CAJON CHINDA

(2599 Km) (8607 Km) (8456 Km)

1955/56 (1905)
56/57 (1394)

157/58 (2018)
U58/59 (2670)

59/60 (3168)
65/66 (1982)
66/67 (1094) (2297)
67/68 (870) (1623)

it68/69 (893) (1869) (3086)
69/70 867 -- (3149)
70/71 1662 1611 (2234)
71/72 520 15152 (1921
72/73 287 833- (1925=

73/74 466 46(2594)
74/75 918 4 6 62- (4476)

175/76 1863 1550 2690

l / Los caudales entre pardnteats fueron eatlimadoe nultiplicando el cua
mdio diario tn~ximo anual, pow la raz6n del caudal .~xtuao instant~neo
al caudal medio diario miximo para los aftos en que no exis ten regiatroa
de limigrafo.

Las razones utilizadas fueron:

I 1.5 para Chinda y el Caj6n; 1.65 para la Libertad.

2/ Valores obtenidos de la mhxiina lectura de escala yv ecuaci6n de caudales,

excede el valor calculado segdn l/
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TABLA A-45

FRECUENCIA DE CRECIENTES EN ESTACIONES SELECCIONADAS

ESTACION AREA CRECIENE (m 3/s)

(km2) 10 afoe 20 afos 50 aflos 100 altos

La Libertad 2,599 1900 2500 3300 4000

El CaJ6n 8,607 3280 4250 5700 7000

Chinda 8,456 3720 4250 4950 5450 %

Pte.Chamelecon 3,177 1670 1910 2270 2500
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TABLA A-48

CARGA DE SEDIhENTOS EN SUSPENSION

Area Tri- Sedimentos en Suspens16n Promedio
2 2 3 2Rio Estac16n butaria.Km2  (Ton/Km2 /ato) Ton/km /afLo m /km2/aio :-

1970-71 1971-72 1972-73

Comayagua El Caj6n 8607 1228 162 179 523 418

Humuya Piedra Parada 3616 - 315 617 466 373

Jicatuyo Ulapa 3653 - 206 197 202 162

Higuito Higuito 1572 - 602 48 542 434

Promedio 347

i ...,- .:,.
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SBCION D

G.EM AGICULTURAL DATA

This section contains information extracted from previous reports

documenting the nature and extent of agricultural activity in the

Aguan River Basin. Basically agricultural activities are not subject
to radical changes over a short period of time. Ccmhercial export of
bananas, citrus, palm oil, and fruits are the mainstay of the agrarian
economy. Flooding in the Sula Valley and Aguan Valley is responsible
for considerable losses on an annual basis. The governmental

infrastructure for dealing with agricultural prdlems has sought and

proposed projects for the overall alleviation of flooding in the past.

I
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(Information extracted from 'The Feasibilility Study on the Aguan .o

Valley Agricultural Development Project (Saba - Olanchito Area) ",  ",

March 1985, Japan International Cooperative Agency).

I. Glossary of Terms

II. Land Use and Cropping Pattern--

.

III. Infrastructure (Agricultural)

IV. Soils and Land Classification

(Information from July 1981 Study by the Consortium of Charles T. Main

International, Consultores Latinamericanos Associates, and Gabinete

Tecnico, S.A. Ir

V. Infrastructure Lower Aguan Project (Bajo uan)

VI. Curves Showing Monthly Distribution of Production for Selected
Agr icultural Products
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GLOSSARY OF ABBREVIATIONS

-AID :U.S. Agency for International Deve

ANACH : National Association of Honduran Cooperac&._

IANADESA : National Agricultural Development Bank

B/C Benefit - Coat Ratio

CACM Central America Comon Market

COPALNA : Agri-industrial Cooperative for African Oil Palo

CESAMO : Healthy Center with Doctor

COHBANA : Banana Corporation of Honduras -

CESAR : Rural Healthy Center

COHDEFOR : National Forestry Corporation

CONSUPLANE : National Ee.nomic Planning Council

CONSUPLAE/ : CONSUPLANE/N Project for the Integrated Development of
the Aguan Region .%

CONSUDE Swiss Corporation for Development

CORFINO : Olancho Industrial Forestry Corporation 0

CASAGO : Cooperative of Multiple Services, Agriculture and 'p*

Liveatock

EACI Irletas Cooperative of Banana Growers

EIRR Economic Internal Rate of Return

ENEE National Power Corporation

FECORA: Honduran Federation of Land Reform Cooperatives

FNH National Railway Corporation 0

FIRR Financial Internal Rate of Return.

GDP Gross Domestic Product
GRP Gross Regional product A'.

IDB Inter-American Development Bank

IHMA :Honduran Agricultural Marketing Institute

INA National Agrarian Institute
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4.5 Land Use and Cropping Plan -

(1) In irrigated Area
Cultivated Yield Production Price Gross Unit Total Cost Net Return

CROP Area (ha) (t/ha) (t) (Lp/t) Return Cos (Lps) (Lps)

(Lps) (Lps/ha) -

A (3,712) 1) 2.5 9,280 350 3,248,000 657 2,438,784 809,216
MAIZE

P (4,604) 5.0 23.020 350 8,057,000 745 3,429,980 4,627,020

A 302 2.6 785.2 460 361,192 800 241,600 119,592RI I - -° I 2 .0 i 1 0
P 1,577 5.0 7,885 460 3627,100 1,020 1,608,540 2,018,560 0

A (258) 1.1 283.81 920 261,096 500 129,000 132,096
BEANS 4._ __

P (2,573) 1.5 3,859.5{ 920 3,550,740 570 1,466,610 2,084,130

S7YBEAN AT ~90
pI(1,200) i2.5 3,000 555 1.66o000j 667 800,400 864,600

C VA 21 9 189 1 C 30,240 800 16,800 13,440CASSAVA L

221 i 20 4,420 I 707,200 2,193 484,653 222,547

TARO 1A-1" !
A 200 35 7 ,000 1601,120,000 3,264 652,800 47,200
p, 2 00 3546,0076,200____

A 7 15 T 105 150 15,750 1,087 7,609 8,4
PLANTAIN 20 354p 207 35 7,245 150 1,086,750 1,687 j 349,209 737,541 0

130 25 3,250 110 357,500 1,100 143,000 214,500

ORANGE -9

p 130 I 50 i 6,500 10O 715,000 1.701 221,130 493,870

A - -'0 

43 
-0 - -

COCOA -"
p 2,300 1.5 3,"50 3,245 i11,195,250 1, 78 3,399,400 7,795,850

300 30 9,000 60 1,440,000 1,102 330,6001 1,109,400

PAPAYA .____"
550 2 1,250 i 160 220000 1,230 61,500 138,500

OTHER A 15  10 150 80 12,000 10 150 11,850 -

FRUTS 1P 1 12 180 80 14,400 15 225 14,175

IA - -
PINEAPPLEIAI - - - - - "

1 ,DO 25 10,000 360 3,600,000 2,045 818,000 2,782,000 .. e,

TOMATO A - - - - I - - - -

S 600) 24,000 110 2,640,000 2,662 1,597,200 1,042,800

T A 1 4,445 0 14,043 4,285,778 2,976,943 1,308835
TP 114,377 3) 110,809.5 39,618,440 15,220,247 24,398,193

Note: 1) Figure in Parenthesis means cultivated area for postrera season

2) Primavera season: 2,249 ha, Postrera season: 2,196 ha

3) Primavera season: 9,100 ha, Postrera season: 5,277 ha

4) A: Actual P: Plan 0

K

0
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(2) In Non-irrigated Area

Cultivated Yield Production Price Gross Unit Total Cost Net Return
CROP Ares (ha) (t/ha) (t) (Lps/t) Return Cost (Lps) (Lps)

I (Lps) (Lps/ha)l

MAIZE p (600) 4) 3 1,800 350 630,000 671 402,600 227,400
-.....

A 
CASSAVA p 400 9 3600 160 576,000 800 320,OOO 256.000

TARO 4,
p 400 16 6.400 160 1,024,000 1,180 472,0001 552,000

!A - __ _P _ _

COO 1~ 300 0.7 210 13,240 I 680,400 7901 237,0001 443,400 I

MANGO - 1200 15 3,000 160 480,000 950 190,000 290,00

FI 2,800 25 70,000 110 7,700,000 900 2,520,0001 5,180,000

__Aj 7,712 j 6 46,272 16.6 768,115.2 20 154,2401 613,875.2
PASTURE I p 2800 

45 103,500 278,300

TOTAL A 7,712 46,272 768,115.2 154,240 613,875.2

S17000 108,010 111,472,200 4,245,100 7,227,100 r ,p "

GRAND 1A_ 1215 5 6,35 '5,053,893.2 3,131.183] 1,922,710.2%
TOTAL 'p 121,377 6) 218,819.5 151,090,640 19465,347 31,625,293.-

Note: 5) Figure in Parenthsis means cultivated area for postrera season
6) Primavera season: 9,961 ha, Postrera season: 2,196 ha 0
7) Primavera season: 15,800 ha, Postrera season: 5,577 ha
8) A: Actual P: Plan

J

'..

.' L ,3
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3.7 Agricultural Production a,.

3.7.1 Bananas and Oil Palm

(1) Banana

Bananas are grown on a commercial scale in two estates at Coyo'les
and at Isletas. The total net area at Coyoles is 3,962 ha and
isletas 2,030 ha. Both plantations were originally established by
the Standard Fruit Company, so they are structurally similar. S

The plantation at Isletas is under the control of the Empress
Asociative Campesina in Isletas (EACI). EACI was formed in 1975,
from the ex-workers of the Standard Fruit Company, following that
company's abandonment of the plantations. EACI has 1,118 members.
The terms of a five year contract between the Standard Fruit
Company and CORBANA (Banana Cooperation of Honduras) binds the
company to purchase all bananas of export quality produced at
Isletas. The price a box at preset is Lps. 5.63.

The differences between Coyoles and Isletas plantation, which is
reflected in average yields of 72 ton/ha at Coyoles and 43 ton/ha
at Isletas respectively, and that improvements have been achieved
a t Coyoles in irrigation drainage, fertilization and pest control. .,
But at Isletas, soil is slightly less well-drained and rainfall is ,-4

nearly double.

The irrigation systems of both plantations are fundamentally
similar. Watering is chiefly used, but lately, at Coyoles a drip
irrigation system was installed and shows good results, because
water is used in proportion to the water requirements of the ..
plants. The rainfall deficit at Coyoles is more serious than
Isletas, and Coyoles needs all-year (300 days a year) irrigation.

Fertilizer is applied on basis of leaf analysis, and KCl, urea and .
phosphate are generally used. Fertilizer is applied through the
pipe of irrigation system.

The varieties of banana plant are Cavendish and Ecuatoriano. The
Ecustoriano variety has high yield and is little damaged by the
wind because it is low in height.

The most common diseases are Sigatoka and Moko. Dihtance, benlate
and methyl bromide are effective for these. Insecticide is not
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used, but the plastic film bags for fruit are used to control
insects, which transmit diseases such as, Atracnosis and Ojo Bajo.

Bananas are exported every week: usually 72 thousand boxes and at
least 42 thousand boxes a week. Bananas are cut at the stage of
77-84 days to export to Europe and 84 days to U.S.A.

(2) Oil Palm

The total g'ross area planted in Phase I, & II Lower Aguan Project 0
is 10,500 ha. The crop requires a humid-tropical climate without
a pronounced dry season. It tolerates a moist soil water regime, f*'

though it is seriously affected by water-logging and rotting of
arrows occurs frequently.

Fertilizer was little applied in the first three years after
planting. Fertilization is given based on the results of leaf- -
analysis. In practice ammonium sulphate of 21% N, and potassium N *
Chloride of 60Z K20 is recommended. In 1982, a program of
fertilization was operated with good results of 65% of total area.
In 1984, it is expected to rise to 80t.

Occurrence of diseases and insects is very little and
insignificant. Herbicides are recommended for weed control. Cart "
transportation is used from the field to the plant. This costs is
paid by the plant at a price of Lps. 0.38/ton. The internal
transportation in the plantation is practiced by a tractor with a
wagon. In practice, the cart pulled by a mule, is used
economically without hurting the root system of the plants, and
doesn't harden the soil much.'%

Imports of palm oil were some 9,500 tons in 1981; 1,900 tons in
1982.

Since the end of 1983, Honduras has sold palm oil on the
international market. Principal buyers are likely to be England,
Italy, Central and Latin America. In 1983, exports were 2,000
tons to England, and 1,000 tons to Nicaragua. .

The price of fruits is as follows:
%

A) Bulk L. 130.00/ton p

B) Cluster L. 127.00/ton

The price of oil in the interior market is L. 1,200.00/ton, in the S
international market L. 1,600.00/ton, F.O.B. at the Port of
Castil la.

3.7.2 Citrus

(1) Oranges

in December 1983 the total gross area of oranges was 916 ha in the
neighborhood of Sonaguera, and this is increasing due to new
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planting. The Association of Citrus Cultivators of Sonaguera is
established and the members are 220. In practice, only 150
members have planted oranges and the rest will plant from this
year. Next year, the new plantation area planned will be 2,100
ha.

Production in the previous year ('82 - '83) was 80 million fruits.

At present, production of 120 million fruits is estimated. These

fruits will be purchased by the company, Griffin and Brand at

price L. 165.00/ton. Griffin and Brand is Northamerican company,
which at present gives citrus cultivators help for the purpose of

purchasing orange fruits.

The help consists of complete technical assistance to the 4
established farm, and to new cultivated areas. The company offers
all the necessary financial assistance from clearing of the field
to harvesting the crops, including all necessary control
substances to get excellent production.

When the yield of the new plantations begins, the fruits will be

processed at the juice plant in San Pedro Sula. The sales price
of the juice is excellent and future prospects all seem good.
Orange juice will be exported to Central America and the U.S.A.

In 1983, the oranges, produced at Sonaguera, were exported to the
Netherlands and some other countries and were sold in the interior

market at L. 20.00 to L. 70.00 a thousand.

Seed is sowed in rainy season from October to December. Control 0
of weeds is practiced by hand. Insect injury is insignificant.

The most common diseases are Comosis and Exocortis.

There is a region of 130 ha of oranges between Saba-Olanchito,
adjoining the Aguan river. Fruits are for local use.

(2) Grapefruit

Since 1977, INA has assisted cooperatives to establish grapefruit N

plantations and the total area reached 913 ha in 1981. However, A

it decreased rapidly afterwards, because of decreasing exports.

The total net area of grapefruits is 429 ha in 1984.

Due to poor external quality of grapefruit, only a small
proportion of production has been exported to data. Non-
exportable fruit has been processed into concentrate juice at the
Standard Fruit Company's plant in La Ceiba, but subsequently the
market for grapefruit juice declined and substantial quantities of

grapefruit were buried. The quality of the juice was considered

acceptable for the European market, but too acid for Central and
North American taste, due to delivery of under-ripe fruits.

The packing plants which is situated at Chiripa is expected to -

produce 70 million boxes, which will be purchased by Griffin and

Brand. Price for a box, F.O.B. at Chiripa is L. 4.20.
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The most common diseases are, Comosis y Exocortis. The control of
Comosis is practiced by CaO and Antracol. Exocortis is controlled
by applying the fertilizer including Borax.

3.7.3 Basic Grains

(1) Maize

The primavera crop is sowed in May, June or July, with the first 0
adequate rain, and is harvested in October or November. The
postrera crop is sowed in November, December or January, and is
harvested in April or May. The total area of maize is 1,694 ha in
primavera and 2,019 ha in postrera.

The primavera crop is harvested in rainy season, and therefore
the most serious problem is the high moisture content of the grain
at harvest, generally around 22%, and associated with fungus
infection.

Consequently, 10% of primavera crop is not sold.

Although both IHMA stores in Olanchito and Tocoa have grain drier,
they are not extensively used.

Land preparation is commonly done by tractor of INA, with a heavy
harrow in excellent cooperatives, but is practiced only by slash
and burn with machete in inactive cooperatives. Sowing is
generally done by hand, several seeds being dropped into a small
hole made by a pointed bar. The majority is farm-saved seed to %
grow to a height of about 2 m in period of 120 - 130 days, less in
the postrera and more in the primavera. Synthetics tuxpena is
occasionally grown. This is said to yield perhaps 30% more and
grain is easier to separate from the cob. .

Almost no fertilizer is applied to maize. A significant number of
farmers apply herbicides as a supplement to hand weeding. The two
popular products are 2.4D and Gramaxone.

Corn earworm and stemboarer are the most serious insects, but no 0
pesticides are applied. The yield is obtained 1.8 - 3 ton/ha from
both primavera and postrera. But yield of primavera crop is
generally less than postrera as is case in the cooperatives, as
shown in Table 3-13, because of fungus diseases in humid season.

(2) Rice

Although, rice is desired by farmers to cultivate on a large scale
because of good yield and high price, the total area is 302 ha
only, because the seeding period is liable to delay due to the
weather, and intensive labour is required for weeding, bird 0
scaring and harvesting.

Rice is cultivated in the primavera season in this area. The 0
seeding period is varied from May to September. Rice is rainfed 1%
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and grown on land with imperfect drainage system and the seeding
period becomes late on sandy soil and early on clay soil.
Harvesting time ranges from September to January.

The farm-saved seed is used by half of the cooperatives. The '
improved varieties CICA 6 and CICA 8 are used occasionally by

advanced cooperatives. No fertilizer is applied. Herbicides,
Stam LB 10 and 2.4D are used as a supplement to hand weeding. No .9

fungicides and insecticides are applied. The yield is obtained 2-
4 ton/ha. S

3) Beans .

Beans are crops of low water requirement like maize and with one
time weeding, leaves of beans cover the field, saving a lot of

trouble. Most beans are produccd on the steep hilly slopes. rX.
Conditions during the wet season encourage fungus diseases.

Consequently, postrera cultivation is more than primavera. At
present, total area is 80 ha in primavera season and 178 ha in
postrera season.

Beans as primavera crop are sowed in May or June and harvested in

August or September; as a postrera crop they are sowed in December
or January and harvested in February and March.

,p. . .

The most commonly used variety is the native kind of the bush-
bean, San Moreno, but climbers are sometimes used to grow up the
old maize stalks.

Fertilizer, herbicide, fungicide and insecticide are not applied.
Yield is 1-1.5 ton/ha.

: .
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3.7.4 Other Agricultural Products

(1) Cassave and Plantains 1

Both cassave and plantains are the important subsistence crops and
are cultivated in small patches of many household gardens. ".,.

Cassave has both sweet and bitter types and yield is 20 ton/ha.
Plantains are unduly affected by black Sigatoka. Yield is about
20 ton/ha. Lately the cultivated area of these products has
increased..

(2) Other Fruit Trees

Ciruela, mongo, lemon, avocado, papaya, soursop and zapodilla are
cultivated in many household gardens. Among these fruits the
ciruela is the most prominent.

3.7.5 Agricultural Industry Products

(1) Agro-industry Products

In the study area, there are no processing plants of industrial
and horticultural crops. However, lately the production of palm
oil, grapefruit juice and orange juice have increased gradually
due to an abundance of materials produced in lower Aguan Valley.

As the oil palm planted in lower Aguan grew rapidly, palm oil .-

increase every year and Honduras, once an importer of palm oil,
became an export country. And the orange juice plant is under
construction in San Pedro Sula expecting the production of new
plantation at Sonaguera. Furthermore, the Standard Fruit Company
is the major exporter of pineapple from their plantation at
Montecristo near La Caiba. Pineapple, in addition to being -.

exported fresh, is juiced for export as concentrate. These 0
activities, in the neighborhood of lower Aguan, and in La Ceiba or "e
in San Pedro Sula, would give this middle Aguan Valley good 

;.

stimulation. 0

3.7.6 Livestock

(1) Outline

In the Republic of Honduras, cattle raising has traditionally been
the most popular sector of livestock production. According to the
statistics of the FAO Production Yearbook (1981), the number of
livestock animals raised in the country has changed as shown in
the table below.
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Number of Animals Raised in Honduras -..

(Unit: thousand of head)

Animal 1969 - 71 1971 1980 1981

Horse 173 149 150 151 .1-

Dairy cattle 1,573 2,234 2,262 2,336 S

Minch cow 308 342 338 334 % P

Swine 545 531 534 580

Sheep 3 5 5 5

Goat 18 22 22 22

Chicken 2,903 4,445 4,808 4,900

(Source: FAO Production Yearbook,Vol. 35)

As in other developing countries, in Honduras the small-scale pig
and chicken farms have been rapidly increasing compared with the
traditional cattle farms.

Yoro Province, where the study area is located, has the forth
largest land area of a total of 18 provinces in the country.
LATINOCONSULT, S.A. (1984) estimates that the number of cartles 0
raised in this province is 251,675, ranking the second largest
share or occupying about 9.3 percent of total number of cattle in
the country. The livestock, cattle raising in particular, is one
of the most important sectors in Yoro Province (See Appendix
Table E-28).

The livestock (cattle raising) in the study area extends to the
left bank, from Olancbito to El Juncal, and on the in right bank,
from Olanchito to the Jaguaca River, of the Aguan River. A cattle
breed capable of producing both milk and meat has been bred in
the study area for a long time, mainly for milk production. The
majority of the cattle farming is managed on large-scale farms, V
called "Hacienda".

In Olanchito, central part of livestock production in the middle
Aguan River Basin, there is an organization of livestock farm
owners called SAGO (Sociedad de Agricultores y Ganaderos
Olanchito). The SAGO's data as given in table below shows the
status of cattle raising in this area.

B- 71

S

""'I.0
N'~~~~~~~~~~~~~~~ %d 0 \) '7 ;Q . ' d ~ ~ . * b ~I~ .% \



1

Status of Cattle Farms in the Middle Aguan River Basin

No. of farms Total No. Average No.

for cattle of cattle of cattle
Division Area raising raised per farm

Olanchito -
El Juncal 31 5,549 178

STUDY

AREA Olanchito - 5_
Rio Jaguaca 56 13,024 232 r

(Subtotal) (87) (18,573) (213)

Olachito - 178

OUTSIDE San Lorenso 126 22,554

STUDY

AREA El Okote - 4
Alenaru 86 15,398 189

(Subtotal) (212) (37,952) (179) p

TOTAL 299 56,525 189

Average land area per farm: 202 ha.
Average area of pasture per farm: 186 ha.

Max. farm area: 707 ha.
Min. farm area: 35 ha.

Average No. of cattle per farm: 189 ha.

Average No. of minch cow capable of producting milk: 51 heads

Average volume of milk obtained per head per day: 2.5 liter

Average No. of pasture divisions per farm: 15 divisions

Area of one division per farm: 13 ha.

(Source: SAGO, Memorandum, Aug. 31, 1984)

The number of cattle raised in the area mentioned in the above
table occupies 22 percent of the whole Yoro Province.

Livestock (cattle raising) can be considered a very important
sector in the middle Aguan River Basin.

Livestock (cattle raising) in the study area can be classified
into two types of farms: a) individual farms and b) immigrant S
cooperative member's farms concentrating in Sector 5, between the

Jaguaca River and the Monga. In case of the latter type of farm,
almost all production are usually self-consumed by members of
cooperatives, and the number of cattle is fewer than that of the
former type of farm.

A questionnaire was conducted in respect to cattle farms with the
exception of immigrant cooperative members. The survey results
are summarized below and also given in Appendix, Table E-29.
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1) The improvement of pasture has been unexpectedly achieved at a
higher level. About 80 percent of total pasture has already been
improved.

2) The study area is equipped with various kinds of pastures suitable
for cattle raising, which is advantageous for rearing cattle in
terms of feeding management compared with the Upper Aguan River
Basin Area.

3) There are many farmers who do not belong to the SAGO.

4) The cattle farms in the study area have less experience than those
in the Upper Aguan River Basin.

5) Many farmers have not been rendered any technical extension V
services.

6) The number of farmers who get loans from banks is less in the
study area than those outside the study area.

7) Many farms are raising pigs and chickens together with cattle in
the study area. Pigs are particularly popular among those farms.

8) More answers have been collected in on questionnaires from non-
members of SAGO than those from SAGO's members.

In the middle Aguan River Basin, various kinds of livestock
animals such as sheep, pigs, chickens and even bees, are raised
besides cattle. However, most of them are for self-consumption of
farmers practicing non-systematic raising methods. The breed
presently practiced is mainly Criollo (native breed) or a
crossbreed with Criollo and improved breeds. In addition, the
prevailing raising method in the area is a ultra-extensive one
with a mono-feeding of cornmeal and without measures against the
prevention of diseases such as vaccinations, parasite control,
etc. e €."

In recent years, "Pig Farming Project" and "Poultry Farming
Project" for rural women have been launched and implemented under
the direction of MRN and financial aid from foreign countries in
the Aguan River Basin. Through these projects, the interest in
livestock production has been increasing among medium- and small-
scale farmers.

The outline of new agriculture projects for rural women in the
middle Aguan River Basin with financial aid from foreign countries
are shown in Appendix, Table E-30.

(2) Cattle Breeds

The breeds of cattle currently raised in Honduras consist of Fl

cross or ternary cross among Brahman, Brown Swiss, Holstein and I
Criollo. In addition, some farms are raising Simnental, Charolais
and Santa Gertudis as Bulls. Natural insemination is common but
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some large-scale farms are employing artificial insemination by..%-applying frozen seman imported from U.S.A.

(3) Dairy Production

Due to the lack of refrigeration facilities at most farms, the

cosaemilked only once a day at about 4:0( a.m. every morning. 0

The raw milk is delivered directly to the neighboring markets for '"
sale as well as for cheese/cream producing plants located in the

Aguan Valley.

The LEYDE (Lethe y Derivado Compania), a milk processing company,
with its base in La Ceiba, collects raw milk in the area between-

Saba and the Jaguaca River, and transports it to their. .
refrigerati apa. They do not collect raw milk in

the upper area of ohe Aguan River from Olanchito. It is estimated
that the volume of milk obtained is over 4 liters/head/day in the
rainy season and less than -3 liters/head/day in the dry season,

with an average of approximately 2.0 - 2.6 liters/%
head/day.

(4) Dairy Plant

S

There are three dairy plants in the upper and middle Aguan River r s o
Bas bae in La cipal produc tsrawmilkinae are cheese and %
cream and production is carried out with technical assistance from O

Switzerland. -

One of these plants is at El Juncal on the left bank of the Aguan
River. The o f each dairy plant in the middle Aguan Riverd

Basin is shown in Appendix, Table E-31..- '

(5) Pasture-%

As the questionnaire indicates, it is considered that about 80h
percent of the pastures are the improved and pasture management is
well conducted on the large-scale farms. Although soil
fertilization and regular turnover plowing are not practiced,

weeding is done completely by hand.The pasture is extensively utilized for each cycle of pasturage

only, and very often to do forage, hay, and silage.

The species of main grasses are shown in Appendix, Table E-32 of
which the most important grasses are Guinea Grass and Merkeron.
The area where the Merkeron is planted has a higher production

potentiality. ou

Leguminosae grass has not been planted yet ar n cattle feed, but
Leucaena is only one plant which is presently used as a farm's

fence among Leguminosae. Along the Aguan River, namely, in the

right bank from Olanchito to the Jaguaca River and in the left

bank from Olanchito to El Juncal, mountain slopes are wellutilized for cattle raising and pasture control by burning is

partly carried out.
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(6) Beef Cattle production

The dual purpose of beef cattle production is conducted in the
study area. Mainly, steers are grown to be sacrificed as beef
cattle and feifers are used for replacement of milking cows. The
growth of cattle for beef production is extremely low, and the
average liveweight is 300 - 400 kg, at around 30 months after
birth. The growth beef cattle, except those of the large-scale
farms, are mainly delivered to La Ceiba, San Pedro Sula and
Tegucigalpa by middleman's trucks (livestock merchants). Through 0
the two packing plants located in San Pedro Sula, some of beef is
exported to U.S.A. as a boneless frozen cut meat. The reputation
on beef cattles produced at the survey area, however, is not so
high among the packers due to the existence of many parasites, the
low meat ratio, and so on.

An approximate estimation of beef cattle productivity is given,
(See Appendix, Table E-33), which is prepared through the
questionnaire.

(7) Public Slaughterhouse

There are public slaughterhouses in Olanchito, Saba, El Ocote,

etc., and these are mainly used for slaughtering and processing of
the culling cattle and the Criollo for local consumption. As well
as dairy plants, the slaughterhouses are not equipped with
refrigeration facilities, so the slaughtering and processing are
started at 1:00 a.m. and the products are transported to the
markets at 5:00 a.m. The slaughterhouse in Olanchito, in which an
average of 3 - 4 heads of cattle and 2 - 3 heads of pig are
processed daily, are not well equipped with adequate machinery,
environment and sanitation.

(8) Price of Livestock products

The price of each livestock products in the study area in August
and September, 1984 were as follows:

Producer's Price (Ex-Farm Price)

Milk (LEYDE buying price) 0.48 Lps./litre

Milk (for local dairy plant) 0.35 Lps./litre

Beef (delivery price to retailer 0.60 Lps./lbs.

(1.32 Lps./kg)

Pork (delivery price to retailer) 1.0 - 1.2 Lps./lbs.

(2.2 - 2.64 Lps/kg)

Chicken Egg (non-selective and unwashed) 0.15 - 0.20 Lps./pc.
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The price of milk tends to go up at 10 - 15% in dry season due to

the decline in production, while the price of beef tends to go
down at 10 - 20% in January and February due to the concentration
of post- %

havesting.

Consumer's Price at Olanchito

Beef (Ist grade), frozen 2.0 Lps./lbs. (4.4 Lps.kg)

Beef (1st grade), fresh 1.8 Lps./lbs. (3.96 Lps./kg)

Pork, frozen 1.7 Lps./lbs. (3.74 Lps./kg)

Pork, fresh 1.5 Lps./lbs. (3.3 Lps./kg)

Milk (not treated) 0.4 Lps./ (3/4 litre)
(0.53 Lps./litre) Pt

Chicken Egg 0.2 Lps./pc.

Chicken Meat (frozen broiler) 1.8 Lps./lbs. (3.96 Lps./kg)

Cheese (local type) 1.3 Lps./lbs. (2.86 Lps./kg)

Cream 2.3 Lps./lbs. (0.56 Lps./kg)

Sausage (homemade) 3.9 Lps./lbs. (8.58 Lps./kg)

Fish (both freshwater and 2
seawater fishes) 2.0 Lps./Ibs. (4.4 Lps./kg)

Powder Milk (imported, made in 6.0 Lps./450 g
Holland)

Cornbeef (made in U.S.A.) 7.3 Lps./198 g

Luncheon Meat (made in U.S.A. 7.5 Lps./395 g

Note: 1) All canned meat and dairy products are imported.

2) Broiler is produced in San Pedro Sula.

3) Frozen beef and pork are preserved in cold storages. 6

Comparison of Consumer's Price of Major Livestock
Products in Olanchito and San Pedro Sula

(Unit: Lps.)

Products Oranchito San Pedro Sula

Beef (1st grade) 2.00/lbs. 2.40/ibs.

Pork 1.70/lbs. 2.40/lbs.

Chicken Meat 1.80/lbs. 1.70/lbs.

Chicken Egg 0.20/lbs. 0.15/pc.

Fish (Freshwater and seawater 2 / 1

fishes) 2.00/lbs. 1.50/lbs.
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The prices of beef and pork in Olanchito are cheaper than those in
San Pedro Sula. As mentioned before, the meat produced in
Olanchito comes from culling cattle and Criollo, so it cannot be
concluded that producer's price is cheaper in Olanchito than those

in San pedro Sula.

(9) Outline of Livestock in Neighboring Provinces A_

In the neighboring provinces such as La Ceiba of Atlantida
prQvince, Trujillo of Colon Province, and San pedro Sula of Cortes

Province, the modern feeding systems for cattle, pigs and chickens
have started to be applied, and the special bread for each species

has been introduced.

In particular, at Tumbador Ranch in Trujillo, the Beemfaster (the
special hybrid for beef cattle crossbred among ; Short Horn It

Heleford and American Brahman) is raised under technical
guidance conducted by Florida University, U.S.A. The body weight
of this breed reaches to 2,000 pounds in 24 - 30 months. The %

livestock production techniques has been rapidly improved as N

proved by the success of Embrio Transfer, etc.

(10) Marketing of Livestock Products S

The marketing channel of livestock products in the middle Aguan .-
River Basin is complicated as illustrated in Appendix, Fig. E-2.
The middleman (livestock merchants and brokers), so called
"Intermediario", has expanded his business to cover every site of %

the study area, and is dealing with all livestock products
including beef cattle, steers, breeding stocks, pig, chicken egg,
cheese and cream.

Some of these middlemen have their own cattle farms. It is
assumed that many of them earn high profits, because they buy beef
cattle at cheaper prices early in the dry season and stock them
for growing further fat at their own farm. Most of these
retailers come from La Ceiba, San Pedro Sula and Tegucigalpa, but
some of them own the afore-mentioned large-scale farms around
Olanchito. '

The prices for livestock products except dairy products are
negotiated and set by outer size of animals and weighing for each
animal is not realized. The dealing system usually result in

disadvantage for producers.

There are no standards established to estimate the quality of
livestock products. Consequently, producers do not pay much 0
attention to the quality, and tend to raise animals in the easiest
way. It is envisaged that the interferences of the retailers will
be much strengthened as the infrastructures in the study area will
be improved in the future.

(ii) Training and Extension Services

The assistance and extension services are provided by INA to the
cooperative of Agrarian Reform and by M.R.N. to the existing
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individual farmers who have their own land, although cooperation
between these two organizations does not seem to be closely
related. There is a local office of M.R.N. in Olanchito, with '"

about 15 personnel including two veterinarians. This local office
undertakes various activities such as artificial insemination of
cattle, technical guidance on pasture improvement, research and
prevention of animal diseases. Due to the lack of equipment,

education, training, experience, etc., it does not seem that the N'.

objectives of this local office are fully accomplished.

In accordance with the results of the questionnaire survey, only

24 percent of farmers living between Olanchito and the Jaguaca
River and only 4 percent of farmers living between Olanchito and
EJ Juncal are receiving technical assistance.

This situation should get better with the improvement of
agricultural infrastructure. The organization chart of the local
office of MRN in Olanchito is shown in Appendix, Fig. E-3.

(12) Animal Disease

Presently, there is no appearance of serious animal infectious
diseases such as Foot and Mouth Disease, African Swine Fever, %

Pseudo Rabies, as reported in South American and Caribbean Island

countries. The animal diseases appeared in the study area at

present include external parasites during dry seasons, impediment

in breeding caused from unbalanced nutrition, and mastitis, in
addition to Hemorrhagic Septicemia, Sysmptomatic Anthrax (Black-
leg) which can be prevented by vaccination. At medium- and small-

scale farms, they do not apply vaccination and the ultra-extensive

method is done for animal raising. In this regard, the
establishment of an animal disease prevention system to achieve %

further livestock development is required.
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) rivate Sector

It is recognized that the private sector can contribute with its -.
managerial capacity and initiative in finding out investment
opportunities to the creation of new sources of new job

opportunities.

2) Public Sector
0

Central Government: %

Conducts the policy of the country in the every field of economic
and social activity. In this context, it will be required to
rationalize the ensemble of rules and legal mechanism and the
juridical and administrative structure.

Autonomous Organizations:

Need to rationalize the assignation of its resourcesSimplifica- -

tion in the procedure and efficiency in the fulfillment of their
objectives.

Public Enterprises:

Have the function to promote and regulate the country.

Local Authorities:

Will carry out its role in relation to the implementation of

programs and projects designated for the fulfillment of
necessities among peoples under their jurisdiction.

4 Agriculture

4.1 Agricultural Sector in the National Economy

Agriculture is the country's most important economic sector,

accounting directly for 30% of GDP and indirectly for a 0
significant proportion of other economic activities. It provides
employment for 58% of the economically active population and %

generates more than 80% of export earnings. (See Appendix, Table

A-6.)

4.2 Agricultural Products I-

The principal agricultural products of Honduras are banana,
coffee, maiz, sugarcane, bean, etc. Among these, banana, coffee

and sugarcane are export crops. In addition to these crops,

cotton is also produced for export. (See Appendix, Table A-7 and 0

A-8.)B
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Banana production has returned to the output levels prior to the
1974 hurricane, and of which 60 to 65% is exported. Coffee -
production has doubled during 1972 and 1982, mainly in response to %..
higher prices in the export market. More than 80% of production ,1
is exported. The production of sugarcane has increased steadily

at 7.5% a year.

These export crops are cultivated principally in large farms and
companan In ase tunda, production and export is largely e

controlled by the multinational companies: United Brands in the .j
Sul& Valley and Standard Fruit Company in the Aguan River. .'''

Meanwhile, among small farmers subsistence agriculture is
widespread and two-thirds of their crops are for household
consumption. Maize, the stple diet of the rural population, is

predominant among these crops, about half of their agricultural
production. But the production of maize does not supply domestic

requirements, and in some years Honduras has resorted to imports.

(See Appendix, Table A-9.)

2.4.3 Landholding ,"0

Large farms with holdings more than 500 hectares amount to 0.2% ofthe total number of farms in Honduras and hold 22% of n t heata

farm land, while small farmers with holdings below 5 hectares

represent 64% of the total number of farms, but they hold only
about 9% of the total farm land. Also the proportion of rented
land in the holdings of small farmers is high. (See Appendix,i
Table A-10. ) Tabe.A9

2.4.4 Under-utilization of Rural Labor

Under-utilization of rural labor is large. About 60% of the oa

available man-days in small and medium farms are not utilized.
The rate of under-utilization is about 63% in small farms (0-5

has) and diminishes to about 55% in farms of the 10-20 hectares .d.

group. (See Appendix, Table A-1.)

Apart from the seasonality of main crops, under-utilization of Rrl ao

labor derives from the structural problem of smal arms with too

much labor and not enough land. Thus the small farmer is forced

to work as hired labor in larger farms, particularly at harvest
time.

Aside from the excess labor in rural areas, an undetermined number V.1
of peasants had no land. Estimated ranged up to i20,000 families
in 1974 (most likely a smaller number). They seek employment as
laborers in the larger farms or migrate to the cities.
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2.5 Agrarian Reform

2.5.1 Objective

The Agrarian Reform Program aims at improved land utilization
through the transfer of unused or under-utilized land from large
landowners to landless rural families, while, at the same time,
strengthening the modern entrepreneurial sector in agriculture.

2.5.2 Executive* Agency - Agrarian Reform Institute

The Agrarian Reform Institute (INA), principally responsible for
official institutional support of the agrarian reform, deals with
land acquisition and distribution, organization and management,
training and technical support of the settler groups, and with
guarantees for farm credit issued by the official agricultural
bank.

2.5.3 Present Condition

By 1982 the Agrarian Reform has settled 50,000 peasant families
(12% of rural families) on about 210,000 hectares. About 39,000
remain in the settlements and about 11,000 families have abandoned
them because they did not receive enough production land or
support services or could not adapt to hard living conditions in
some areas.

Since 1978, INA has concentrated its resources on the potentially
most productive 9 areas, and among them the Lower Aguan Valley
Project is the most important. (See Appendix, Table A-12.)

2.5.4 Agricultural Production

Rough estimates indicate that agricultural value added in the
reform sector is about 102 of the country's agricultural value-
added originating in crop production. The reform sector's share S
of value-added varies by crops. Basic grains production is still
dominant in the reform sector although significant progress is
taking place with the production of African palm, banana, rice and
other commercial crops. There is growing awareness that all
reform groups must participate in higher earning afforded by cash
crops. (See Appendix, Table A-13) 0

2.5.5 Problems %

The problems of the agrarian reform are as follows:

INA's titling has been very slow. About 85% of the groups and 70%.
of the distributed land have not been titled.
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INA's capacity to perform other functions than acquisition and --

redistribution of land is limited. These functions are to assist

the campesino groups to become established, to obtain essential

services and resources, and to train them in organizations and

management.

In addition to these, marketing is a serious problem with the

exception of settlements producing cash crops under special

arrangements with marketing intermediaries.

0
.-.-
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SOILS AND LAND CLASSIFICATION

4.J

3.5.4 Summary of Soil property

The details of the soil property in the area became clear from
field observation and laboratory analysis. The suitability of the
soils for agriculture uses was summarized in the study.

Properties of each soil series are given in Table 3-10.

In the fine texture, well drained alluvium, Aguan clay loam and
Tepusteca loam series, a wide range of upland crops can be grown
because of good to moderate drainage and high fertility. However,

the fine texture well drained alluvium series in susceptible to
flooding because it occupies the lowest terrace along the rivers.
Olanchito sandy loam series has limited potential for crop
cultivation because of gravel. Grass land can be recommended for
cultivation in the area. .-

Drainage of Ilanga sandy clay, Taujica clay loam and Jahuaca clay
loam series is moderate but partially poor. Root rotting of maize
was partially observed in these areas. If adequate drainage is
provided in these areas, a wide range of upland crops could be ",

grown and yield could be increased.

Fine texture, poorly drained alluvium is severally limited for

crop cultivation because of poor drainage. Soil moisture is too
high to cultivate such crops as maize and beans on this soil.

3.5.5 Land Classification

The land classification was undertaken to evaluate the land
capability in the study area.

The land classes have been tentatively difined based principally

on the system employed by the U.S. Bureau of Reclamation and its
specifications were partially modified to fit for the purpose of
the study .

_-

The land classification has been made in principle to each soil 6d* .

series. These soil series then have been classified into three 1 %
classes (Class 1, 2 and 3) of arable land and one class (Class 4)
of non-arable land.

The following are general description of land classes in the study
area.
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Class I Land in this class have few limitations for its use.

The soils are suitable to the wide range of crops,
keeping capable of producing substantial and
relatively high yields at reasonable cost. The land is
merely flat or slightly undulating. The soils are
well drained and easily worked. They are either
fairly well supplied with land nutrients or highly
responsive to fertilizers.

Class II The soils in this class have some limitations for the
introduction of crops and require moderate
conservation practice for their use. The limitations
are a bit and the practices are easily applied. They
are measurably lower than Class I in reproductive
capacity and more easily to farm.

Class III This class of land ;umprises land to be considered
marginably suitable for crop cultivation. But, there
are some restricted suitability in this land, because

it is less reproductive compared with that of class I
and II.

Class IV Land included in this class have severe non-correct-
able limitation which prevent normal tillage of
cultivated crops. This class of land is extended only
steep area of the study area.

The result of land classification are summerized below. (See Fig.
S-4.)

Land Classification

Class Area (HA)

1 12,900 67

21 3,490 18

III 1,110 6

IV 1,740 9

Total 19,240 100
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INFRASTRUCTURE LOWER AGUAN PROJECT
(1981 Study by Chas Main Int., CIA, G.T.)

CUADM 11-18

BCW10St DIMClS: 0X00FERATZVAs

Irreso Prcmad kujal
Grupo Socios Poblaci&n Total Par SocioSector # ##Lps.

Tocoa-Sabfi 20 856 5,660 844.20Tocoa-Corocjto 18 952 5,732 885,80
Margen Izquierda 21 697 4,498 1,541.94
Sabi-Rito Jahu.aca 9 454 2,965 No Info?!aci&n.
TOTAL. 68 2,959 18,855 1,090.65

2.6.4.2 Impactos Negativos

El: Proyecto propuesto tendrh seanosz impactos negativos para Isletas y las tierras bajas entre l~a
carretera Corocito-Trujillo y el mar'. Estas zones estan fuera
del Area de estudio contratado. Si se ejecuta, el Proyecto
propuesto causaria severas inundaciones, dando lugar a daflos
al cultivo y ganaderia, y probablemente abandono de algunas
cornunidades. Aproximadamente 53,500 personas o sea 58% de los
habitantes y 55%/ de la ganaderia en el Bajo Aguin se halla en
estas Areas.

2.6.5 Recomendaciones Cenerales

2,6.5.1 Impacto del Proyecto en Otras Areas

El impacto socioecon6mico de las
obras civiles propuestas, en los sectores de Isletas, y Coroci
to-Francia, serAn negativos corno consecuencia de la.implemzn-
tac16n de las obras de control de inundaciones y drenaje nece
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sarias en el Area de contrato, sino se realiza nada en la mar

gen izquierda, par cansiguiente, no se recomienda ejecutar

las obras de *la inargen derecha mientras no se considere posi-

bles efectos negativos en la izquierda.

2.6.5.2 Infraestructura B~sica:

La falta de infraestructura bhsica

ha sido uno de los mayores problenas en l~a historia del Pro-0

yecto Baja AguAn.

Recomendaciones:

a) ts necesaria adecuadas facilida-

des de salud que perniita a las coaperativas y otros residen-

tes locales acceso garantizado y facilidades apropiadas.

b) El agua potable deber& instalar

se en el Area cuanto antes. Esto requerird en primer lugar
0

l~a perforaci6n de pozos.

c) Los programas de mejoramiento de

viviendas, educaci6n y otras facilidades p~iblicas, deberian

implementarse loa antes posible.

d) En sabA-Rfo Jaguaca: se requiere

caminos secundarios, utilizables en cualquier condici6n clina

tica y deberia construirse l~a carretera principal a las coops

rativas. b) Los trabajos de irrigaci6n deberg construirse pa-

ra asegurar, que el prograna b~sico de granos planeado, basado

en dos cultivos por afio yzplicaci6n de riego, sea posible de-

sarrollar.

e) En l~a inargen izquierda: a) Deben

toinarse acciones ininediatas para mejorar las casas y condicio

nes de vida en general. b) El camnino principal deberia reubi-

carse a tierras m~s altas para, evitar inundaciones cr6nicas

y cortes de la via.

2.6.5.3 Organizaci6n y Adxninistracifn del

Prayecto Bajo AguAn:
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Las r~comendaciones en relac16n con la

organizaci6n y admfinistracift del Proyecto Bajo Aguln son las

siguientes:
a) Organizar la corporac16n del Bajo -6

Aguhn.Debe establecerse una corporaci6n del Bajo Agu~n 0 un or-

ganisino coordinador que tenga. total control y responsabilidad

sobre las actividades en el firea,de acuerdo al presente estudjo

y cualquier otro futuro.(figura I1-8). Incluria las organizacio

nes cooperativas, BANADESA, Recursos Naturales, INA y funciones

Auxiliares.

b) DeberA crearse una organizaci6n de

cooperativas, que represente a todas y que eventualmente asuma

las actuales responsabilidades del INA en la organizac16 nl coope

rativa y desarrollo Social. Esto permitiria. al INA retirarse

del Bajo Agu~n en algunos alios, y ernplear sus recursos en ac-

ciones de Reforna, Agraria en otros lugares de Honduras.

c) BANAflESA deberia. ser responsable, de

todos los aspectos financieros. En relaci6n con el Prayecto Ba-

jo AgufiA ,esto relevaria al INA do las responsabilidades de pa-

go del prdstamo hecho al Proyectc.

d) La oficina, de Recursos, Naturales de

berta ser la responzable de todas las acciones de extensi6n, ex

perimentaci6n agricola y semilleros, establos experimentalos,

mecanizaci6n agricola, y proveer los insumos agricolas bfisicos.

e) INA deberia, ser responzable de la

organizaci6n y desarrollo social de las cooperativas y acciones

de Reforma Agraria, su funci6n original.

f) Cada, sector en el Proyecto Bajo

Agu~n deberia, tener una oficina central. Esta, oficina debe in-

cluir: extensi6n agricola/mecanizaci6n agricola; INA-PROCCARA;

la organizaci6n do cooperativas; y BANADESA.

G) organizaci6n de la Producci6n doe-

Citricos debe establecerse una, organizaci6n para la, producc16n.
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2.6.5.4 Asistencia '6cnica

La asistencia tdcnica ha confrontado,

problem&& de coordinaci6n, efectividad y calidad del serviejo

dado, y la falta de suficientes fondos y experiencia del per-

sonal.

A) El servicio de extensi6n deberia:

a) Ser organizado de tal manera

que una organizaci6i sea responsable de todo el servicio de :

extensi6n.

b) Ser responzable de la coordina

ci6n del plan de cultivo y necesidades de crfidito de las coo-

perativas, de tal manera que las necesidades de cr~dito se

puedan presentar a BANAIDESA varios meses antes que el prdsta-

mo se requiera, esto facilitaran a BANADESA planear mejor sus

prograinas de pr~stano.

c) En cada cooperativa, se debe

entrenar a dos o tres socios interesados en recibir capacita-

ci6n como agentes de extensi6n agricola. Estos asistentes tra

bajartan en su propia cooperativa y serfan el mejor enlace en

tre la cooperativa y los agentes de extensi6n. Los asistentes l

serian responzables en la preparaci6n de las necesidades deN

las cooperativas.

B) Dernostracifn de citricos:

Las plantaciones de citricos no
han progresado con la velocidad de la palma. Se recomienda

que se desarrolle un Area piloto en una de las cooperativas

actualtnente con citricos. Esta Area piloto demostraria la

efectividad del riego y de t~cnicas agricolas apropiadas.

C) Econornia Dor-,stica:

En cada cooperativa una parte de la

tierra deberia reservarse para la produccift de granos b~sicos,

verduras y ganaderia menor, para consumo domdstico. El programa
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recomendado ayudaria a lcgrar los requerimientos domdsticon y me
jorar substancialmente el nivel nutricional de los miembros do

las cooperativas.

2.6.5.5 Utilizaci6n de Recursos:

La. subutilizaci6n de la tierra y el he-

cho que las cooperativas, con pocas excepciones, no hayan logra-

do el nivel de miembros (5 ha/socio) originalmente previsto, es

visto por INA como el mayor problema. Las siguientes serian las

recotnendaciones: a) Reasignaci6n de las tierras potencialmente

agricolas; b) Cambio del dnfasis al Mono-Cultivo en el Proyecto;

C) Mo~ificar la relaci6n de asentamiento cooperativo original de

5 ha/socio; y d) Modificar el salario actualmente pagado a los

mijembros de cooperativa.

2.6.5.6 Desarrollo Cooperativo:

El desarrollo de cooperativas en organi

zaciones estables y viables se ha dificultado por presi6n econ6-
mica, malas condiciones de vida, alto grado de deserci6n, asia-
tencia tdcnica mediocre, mala admniistracift de Proyectos, y la

formaci6n socio cultural de los socios. Las siguientes son las

recomendaciones al respecto: 1) Mejorar la asistencia t~cnica pa

ra el desarrollo social y organizacional; 2) Asentar nuevas coo-

perativas; y 3) Integrar nuevos socios en las cooperativas exis-

tentes *

2.7 Agricultura y Ganaderia

2.7.1 Agricultura

El Area actual de cultivo dentro de los limit..

del Proyecto es de 21,406 ha, de las cuales el 47%. corresponds

a palma africana, el 39% a maiz y el 8% a citricos.
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2.7.'L.1 Uso Actial de l~a Tierra

Con, el anhlisis de las fotografias a~reas y las in-

vestigaciofles para disefiar los Sistemas de riego y drenaje se ha po

dido establecer los siguientes grados de utilizaci6n de l~a tierra

en el Area del proyecto:

Categoria Margen. Derecha M'argen Izquier Total
(Has) da (Has) (Has)

l..Tierras con cultivos
permanentes (principal
mente) y desmontadas 13,830 7,800 21,630

2.Tierras poco utiliza
das -8,900 200 9,100

3.Tierras aptas pero
sin uso 4,400 2,000 6,400
4.Tierras enrncntadas utj
lizables 0 6,000 6,000

5.Tierras inundadas 2,300 300 2,600

6.Cauce del rio y depre
siones 4,370 4,100 8,470

7.Centrs urbanos 1000100

TOTAL 34,800 20,400 55,200

As~mismo, por la informacifn proporcionada por los

organismos gubernamentales que operan en l~a zona, se ha estableci-

do el siguiente patr6n de cultivos (con cifras correspondientes al

afio 1979).

CU TI ' Margen Derecha Margen Izquier TotalCULTIV0(Has) da (Has) -Has

Palma africana1  6,814 3,146 9,960 46.52

Citricos". 1,786 0 1,786 8.34

Plitano 1'124 235 359 1.680

Maiz 5,057 3,321 8,378 39.14

Arroz 538 46 584 2.73

Frijo1(' AS 45 186 231 1.08
Hortalizas 10 29 39 0.18

Otros cultivos 70 0 70 0.33

TOTAL 14,443 6,963 21,406 100.00
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La informacifn desagregada para cada uno de los sec-

totes y pot cooperativas, se presents en el. inforine de diagn6stico
del sector agrario?

2.7.1.2 Aspectos Agro-econ6micos

El patr6n de cultzivos de la zona se caracteriza por

la predominancia de cultivos permanentes (palma africana y citricos)
y maiz. Esta c~dula de cuiltivos esti condicionada pot los aspectos

fisico ambientales, por el apoyo t~cnico y crediticio que brindan el.

INA y la Secretaria de Recursos Naturales, asi como pot ia tradici6n

agricola de la zona.

Las prActicas tecnoi6gicas mAs avanzadas son aplica-

das en el cultivo de paima y citricos y en menor proporc16n, en el

cuirivo del maiz; pudidndose indicar que tales pricticas no aicanzan

a satisfacer los requeriniientos de un nivel de tecnoiogia media en
todas las Areas cultivadas. El resto de cuitivos se conducen mayor-

mente bajo sistelnas tecnoi6gicos r~isticos.

La utilizacifn de insumos es bastante deficiente en

t~rmninos de cantidad, calidad y oportunidad, desconoci~ndose en la

mayoria de los casos el nivel tdcnico-econ6mico de apiicaci6n. Apa-

rentemente la transferencia de tecnologia en aspecros productivos y

de gesti6n erpresariai no estl dando los resultados esperados.%

En cuanto a los cr~ditos, estos estAn orientados a

apoyar a los cuitivos que son promovidos por el Gobierno. La Secrev

tarfa de Recursos Naturales atiende a los cultivos anuales (maiz,
frijol y arroz) mediante cr~dito otorgado por la Agencia Internacic

nal para el Desarroilo (AID). Los citricos son apoyados con fondos

provinientes del Prdstaimo BID. El INA brinda apoyo crediticio al

cultivo de la palma africana mediarite cr~dito tambidn otorgado pot

el BID. El Banco Nacional de Fomento couipiementa los requerimien-

tos de crtdito de los agricultores en el Area.

En cuanto al aiercadeo de los productos, las princi

pales restricciones se presentan a la producci6n de citticos. En

efect', la faita de adecuadas vias de couiunicaci6n (que se agrava

con la presencia de las lluvias) y de infraestructuras de comercia

lizaci6n que permitan conservar la fruta originan grandes pdrdidas
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a los agricultoros. A ello hay lie agregar el hecho do que la call-
dad de la fruta no sea buena y limita la posibilidad de conquistar
mercados forineos estabios y seguros. En el caso do la palma africa
na, esta tione mercado asegurado en las plantas extractoras de acei-
to.

La asistencia tdcnica carece del dinamismo~y en el
prese~e aflo, se ha visto restringida por las limitacionos econ6micas

quo ha afrontado el INA. En oste campo se nota la falta do coordi-
naci6n entro Las Instituciones del Gobierno quo do una u otra forma0

participan en las actividades del sector agrario, y, es mhs, so apre
cia pugna entre Los planes quo cada una do elLas apoya.

Los servicios de maquinaria agricola son en su mayo

ria brindadas por el INA, pero su nivel do eficacia esth asociado-

con las disponibilidades de recursos de dicha Instituci6n.

2.7.1.3 Producci46n 4

A continuaci6n so presentan Los registros do produc
ci6n do fruta do paLma por campaia, aceite, aLmondra, producc16n do

citricos y producci6n de cultivos asistidcs por la Socretaria do Re

cursos Naturales. Estos (iltitnos no so dan pot cooporativa sino quo

corresponden a valores prornodios del lugar, tanto on la primora siorn

bra corno en la sogunda.

El Cuadro 11-19 m.zestra In produccift do fruta do palma
en la Canipaia do 1976 correspoidierite a la plantaci6n sembrada en

1971.

El Cuadro 11-20 corresponde a la produccifn obtenida en
la carnpafia 1977 seg~in afio do plantacidn grafic~ndose en la Figura

Il-191a distribucifn mensuaL do la producci6n.0

El Cuadroll-21 correspinde a la producci6n do fz'uta-

distribuida mnsualmente en el afio L977. La Figurall-L0niuestra la

producci6n do fruta en la Campaf.a 1978 y la distribucifn do fruta

do 1979 se presentaoen la Figura lI-li de distribuci&n mensual.

El resunien do la producc16n do fruta sog~n camrafla

so presenta en la Figura 11-12.
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CUA:RO 11-19

PRODUCCION DE FRUTA POR COOPERATIVA A.&O 1976

CULTIVO DE LA PALMA

COOPERATIVA SUPERFICIE PRODUCCION DE RENDIMIENTO
(HAS) FRUTA (TON) (TON/HA)

SalamA 115 372.2 3.2

San Isidro 83 158.5 1.9

Central Bajo AguAn 56 204.9 3.6

15 de Mayo 6 18.6 3.1

Estaci6n Experimental 22 63.7 2.9

TOTAL 282 817.9 2.9

CUADRO 11-20

PRODUCCION DE FRUTA POR COOPERATIVA Y ASO DE PLANTACION

CULTIVO DE LA PALMA ASO 1977

ASO DE PLAN SUPERFICIE PRODUCCION DE RENDIMIENTC .,-.
TACION COOPERATIVA (HAS) FRUTA (TON) (TON/HA)

1971 SalamA 115 1338 11.6

San Isidro 83 853 10.3

Central Bajo Agu~n 56 648 11.6

15 de Mayo 6 72 12.0

Sub-Total 260 2911 22.20

1972 Salami 34 272 8.0

13 de Junio 14 86.5 6.2

Zamor a 5 28.0 5.6

Estaci6n Experimental 22 192.3 8.7

Sub-Total 75 578.8 7.7

1973 15 de Mayo 12 23.0 1.9 %6

TOTAL 347 3512.8 10.12
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La planta Isidro Sabio Cacho (ISC) luego de adaptacio

nes hechas auipli6 su capacidad de 3 a 6 toneladas por hoa. La otra%

planta la HFF tione una capacidad de 6 toneladas par hora, par lo quee
la capacidd del conjunto es de 12 toneladas por hora. .. ,

Las Figuras 11-13 y 11-14 resilne la produccift de aceite

y almendra en 1978 y 1979.
16-

La Figura, 11-15 resume la producci6n de aceite y almen

dras seg Th afio de catnpafia. *-

En el Cuadro 11-22 aparece la prod.icci6n de citricos por

cooperativa durante 1979 mientras que en el Cuadro 11-23 se preset'

los cultivos asistidos por la Secretarla de Recursos Naturales asi co

ma sus costos de producci6n. En este (iltimo cuadro la. primera siem-

bra de primavera es la que se efectu6 de Marzo a Octubre de 1979 mien

tras que la segunda comenz6 en Octubre de 1979 y finaliz6 en Marzo -

1980. En el cultivo de maiz sistema, rfistico el rendimiento fud de -

1818 y 2045 Kg/Ha., mientras que la producci6n en sistema tecnificado

fud de 2500 y 3409 Kg/Ha. De igual rnanera el costo de produccidnpar

hectArea en el sistema rfistico fuO de 1.ps.215 inientras que el costo

en el sisterna semitecnificado fud de Lps.345 por hectirsa.

2.7.2 Ganaderia

2.7.2.1 Especies Existentes I
Actualmente hay exisrencia de ganado bovino en tres

cooperativas del Proyecto. Al momento de recopilarse la. informacift

solo se disponia de un nimero bastante aproximado de tal existencia

por cooperativa la que se indica. en el Cuadro :1-24 no habi~ndose podi .%

do desagregar en vacas, toros y terneros.

No existe ninguna. otra explotacidn primaria. 4ap.nque

en pequefla escala rezagos de actividad, pero sin importancia econ6mi

ca por lo que puede decirse que este tipo de explotaci6l esta, en vias

de extinci6n. La existencia actual en la cooperativa Salami no excede

de 10 cerdos que sumados a la proveniente de la cooperativa Los Leo-

nes servirian de inicio a un nuevo proyecto a nivel de porqueriza uMoI

delo usando en la. mistna, tecnologia intermnedia con inateriales del lu- . p
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APPENDIX C
EARLY ACTION PLAN DETAILS



b

This appendix contains more detailed discussions of two elements of

the Corps' tear's suggestions for an early action plan to address

j'. north coast flood prblems. These elements are: installation of a

flood warning system on the Rio Cholcna, and the formation of a water
resources ccmission (interagency planning team).
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SECTION B

FLOOD WARNING SYSTEM

a. Operation: Such a system has been developed by the California-

Nevada River Forecast Center of the Western Region of the National Weather

Service that provides local flood warning in cooperation with local au-

thorities. This system, now installed in a number of comnunities across

the country, is based upon Automated Local Evaluation in Real Time or

"A.L.E.R.T." These systems have already demonstrated a highly cost effec-

tive capability to protect life and property in flood plain areas.

b. The ALERT" system utilizes:

(I) Automatic precipitation and river gages.

(2) Automatic data collection and processing equipment (Base

Station).

(3) Future expandability to handle computerized hydrologic and

meteorologic analysis techniques (software), to help define the location

and magnitude of the flood hazard.

c. The system will sense the current rainfall amount and the river

depth, and transmit the data by radio to the selected base station, For

estimating purposes two repeater stations are also included to maintain

line-of-sight comunications between the remote gage and the base station.

The base station will receive the data, process it and display the infor-

mation on a CRT screen. A typical arrangement of equipment is shown on

Chart C-1.

d. Equipment: The field equipment will consist of a combination
river/rain gage and at least two repeater stations.

J%

(1) Combination river/rain gage: The river/rain gage in a flood
-a

warning system is a modular, self-contained, self-powered, event-reporting

unit. Each l.Otmm (.04 inch) increment of precipitation, as measured by a

C-2
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tipping bucket mechanism, causes the electronics and radio package to

tranmit a two-digit station identification code and a two-digit precipi-

tation accumulation value to the base station on an appropriate radio

frequency (Chart C-2). -)

(2) The precipitation gage utilizes a modular design, comprised

of components for precipitation measurement, structural support, and data
transmission. The structural component of the gage is fabricated from a

12-inch diameter aluminum irrigation pipe of sufficient height (about 12

feet) to provide a buried well for shielding onsite electronics and stabi-

lizing the battery and electronics from vandalism. The 12.0-inch diameter

pipe provides a 30.Sm (1.2-inch) orifice while serving as a support for

the antenna system. Precipitation is caught in an aluminum funnel assem- --

bly and is measured by the tipping bucket mechanism. ' 'a,€

(3) The river gage utilizes a pressure transducer liquid level 0

sensor, accurate to 1%. This sensor is anchored in the riverbed in such a

way that turbulent flow occurs around the sensors keeping silt from de-

positing on the inlet screen. The sensor is connected by a buried wire to

the remote unit's transmitter where the signal is relayed to the base 0

station.

(4) This type of river gage was selected because of its ability

to be placed relatively far from the river bank. This gage can be placed

on a nearby ridge to provide line-of-site communications between the re-

mote gage and the base station. This river gage also has the same struc-

tural and electronic components as the rain gage. With the rain gage and

the river gage in the same housing, considerable savings can be realized -

over two separate units.

(5) Considerations in the design of the river/rain gage field

unit include:

(a) A whip antenna with ground plane mounted to eliminate

drip into the rain gage orifice.

C-3
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(b) A straight-sided gage to reduce the vertical lift over

the orifice induced by sloped-sided or shouldered gages.

(c) A large orifice diameter to compensate for the pressure

jump effect at the leading edge of the orifice which tends to carry preci-

pitation across the throat of smaller gages.

(d) Electronics located below ground for temperature stabili-

zation and protection from vandalism.

(e) No ground level doors or openings, also to discourage

vandalism.

(f) An internal clock which sends regular check signals for

verification of system operation.

(g) An integral accumulator which prevents loss of volumetric

data if transmissions are occasionally blocked.

(h) Modular electronic components for simplified maintenance.

(i) Rechargeable gel-cell battery supply with adequate power

for over two years of data transmissions between charges.

(j) A simple cylindrical container with minimal environmental

impacts.

p..I..

(k) Gages are designed for nominal servicing on an annu4

basis. 
0

(1) Additional remote units can be added with minimal impact %

on the existing system. %

(6) Base Station: The base station for the ALERT system consists

of an automatic data collection and processing center which receives the

data transmitted from the field station. Radio transmissions from the re-

mote station to the base station are line-of-sight. Topography between

C-4 0 )
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the gaging site and the receiving site will most likely necessitate a

radio-relay installation at location and elevation sufficient for line-of- %%

sight receipt and retransmission of signals. "

(7) The data Follection and processing equipment will be located

at a facility which has the responsibility for the flood warning. The IW VI
components consist of:

(a) A radio receiver with antenna for the receipt of the

event reporting signals from the remote stations.
. .. .%.

(b) A dedicated micro or mini computer system for the collec-

tion and display of the data with peripheral equipment.

(c) Dedicated software that interpets the data and displays
it on a real time basis.

%

(d) A constant power supply for full operation during power

outages. %

(8) The base station operates in a fully automatic mode 24 hours

a day, continuously receiving, processing, and making available for dis-

play the precipitation and stream flow data.

(9) Repeater Station. The repeater station is housed in a stand

pipe similar to the remote river/rain gage. Two antennas, one omni-direc- v

tional and the other directional, receive and retransmit the data signal r..,

to the base station. The repeater is designed to be placed on high ground

between the remote river/rain gage and the base station. To minimize

maintenance requirements, a solar cell panel can be used to recharge the

gel-cell battery. As with the remote gage, the electronics package and

the battery are located beneath grade in the base of the unit. The entire

repeater package consisting of the housing, battery, electronics package,

solar panel and antennas are installed as a unit for ease in installation.

C-5
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e. Installation. The remote river/rain gage is to be located in an

area where topographical features do not interfere with the rainfall col- ('V

lection. Deep valleys, gullys, and ridges could cause erronous readings ,.

of rainfall data because of wind blown rain. The liquid level sensor is

to be cynnected to the radio transmitter by way of a buried cable. For

this reason, the soil between the liquid level sensor and the radio trans-

mitter should be of sufficient depth to adequately bury the transducer

wire there by providing protection from animal and human damage.

(1) The repeater station should be located at a site and eleva-

tion that provides line-of sight communictions between the remote gages

and the base station. If the terrain is especially rough, or the distance

long between the two units, additional repeater stations may be required.

(2) Both the remote station and the repeater packages are instal-
U w'. i

4

led by mounting the stand pipe in a hole and backfilling with concrete. 0

There is no onsite assembly required except for the antennas and the solar IVA-

cell panel. Estimated installation time is 4 hours once the crew and

equipment is at the site. Each of the elements lends itself well to .

transportation by helicopter to the installation site.

(3) Security against theft and vandalism could be provided by lo-

cating the units at remote -inaccessible sites, by providing barbed-wire

fencing around each remote site or by locating the remote equipment in al-

ready secured areas where possible.

f. Operation and Maintenance: After installation, the base station

should be in an area that is manned 24 hours a day. Because of the self- 0

reporting aspect of the system, however, there is no need for constant

monitoring of the base station. The system can be set to give off an

alarm whenever a specified rainfall rate or river height has been reached.

Trained personnel could then monitor the incoming data and issue warnings

based on experience and judgement. The warnings could be given not only

to the base commander, but also to any local officials responsible for the

iafety of the nearby populace.

N0
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(1) The maintenance of the remote and repeater stations would

largely be limited to the replacement of the gel-cell battery because of

age and the repair and replacement of antennas, wire and possibly even the

stand pipe due to vandalism, terrorism, or storm damage. i
(2) Normal routine maintenance should include:

l 
%.%

(a) The cleaning and adjusting of the tipping bucket

mechanism. I

(b) The removal, cleaning and replacement of the liquid level N

sensor.

(c) The exchange of the discharged battery.

(d) A complete check of all wires, antennas and solar panels

for damage.

(e) A complete electronics check of the data retrevial,

storage, and transmission assemblies for all remote equipment.

0
(3) The vendor can train the local operators in proper mainte-

nance techniques and schedules. From the experience of the vendor and

other agencies, maintenance costs will run from $3,000 to $5,000 per year,
%J. -.

the higher figure being for high hazard areas. "

The equipment can be expected to remain operational with scheduled _

maintenance for up to 10 years according to the vendor, assuming normal

wear and tear. With proper care, the base station equipment shall become

obsolete long before replacement becomes necessary.

(4) System Setup and Training: As part of the overall contract

the vendor can install and calibrate the equipment and train all key per- ..

sonnel. Because this "ALERT" system is relatively simple, no advanced %

training is required. A service contract from the vendor is a possible

item to be included in the original contract.
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g. Cost Estimate. The flood warning system proposed for the site

will consist of the following major items:

"6
(1) 1 - Combination River/Rain Gage Assembly

(2) 1 -Complete Base Station

o

(3) 2 - Packaged Repeater Station

(4) 1 - Sec of Spare Equipment

(5) 1 - Set of Test Equipment

(6) Job - Complete installation, calibration and training of

personnel by the vendor.

(a) The entire system, including the hardware, software, in-

stallation and training can be obtained from the sole vendor, Sierra-

Misco, Inc. of Berkely, California.

(b) The prices obtained in this preliminary estimate were ob-

tained directly from Sierra-Misco on 5 February 1985.

"r~
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DESRIPTION OF WORK QUANITITY UNIT UNIT COST TOTAL COST%

1.Colbnetion River/Gage 1 e 4,340 S 4,340
Gage Remote Station

2. Base Station

a. 04N1-Recelve Only Ant soe 220 1220
b. Data Receiver/Decoder 1 m2,900 2,900
c. Aert Micro Computer w/CRT I on 7,000 7,000
d. Dot matrix Printer I so 500 500 '

e. Constant Power Supply I so 775 775
f. Misc. Connectors -Job 1,000 1,000
6. Software -Job 750 750 J,

3. (Package) Repeater StatIon 2 em6,200 112,400

4. Spare Equipment

a.Antenna (Mast & Tripod) 1 e 220 S 220
b.Transmitter (with battery) 1 e 3.000 3,000

c. Tipping Bucket Mchanismn 1 e 300 300
d. Battery recharger *ae 75 75 %e

5. Test Equipment '

a.Watt Moter 1 e 400 S 400
b.Remote Station Tester 40e 3,600 3,600

6. Installation and Supervision -Job 8,100 1 8,100
(Training) 5.

7. Shipping -Job 1,000 1 1,000

SUBTOTAL 145,680

10-1/2% GSA Discount on Equipment S-3,840

SUBTOTAL 141,840
0

20% Contingencies S 8,160 .,

Coordination end Implementation 116,000

TOTAL S66,000 V \

%
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Antenna S

p

Antenna Mast

"___UlS/S Screen
5. F-unnel Assembly

.Tipping Bucket Mechanism
_ _ External Drain Holes

Signal Cable

[ "Antenna Cable

I
I
I

-Liquid Level Sensor-o-

i ,Transmitter/Electronics e
,4 Package

'* " ,Concrete Backfill

Self-Reporting River/Rain Station
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IWaERMICY FLwIAM TEAM1

Based on discussions the Corps' team had with the many points of

contact within the Honduran Government, USAID, and private sector
consultants, there appears to be a need for a more unified effort
toward the use and development of the water and water-related land
resources of the north coast rivers. There is a considerable amount
of data and studies available on both the Sula and Aguan Valley, but
no real central focal point for coordination and priority-setting.
Studies have been performed for both MW and SECOPT, and in sae cases

these two agencies have worked together with the Department of Natural
Resources (example: the study by Sir William Harcrow and Partners
performed in 1983 for the Rio Aguan Basin). But this study and others

seem to have a common flaw. They all have proposed enormously costly
construction work, which in no way reflects the available financial
resources of the country, and have not attempted to provide any
guidance on nonstructural responses. Basin-wide studies should be
concluded with recommendations for programmatic implementation of -
phased construction. In other words, initial work should focus on the
most cost-effective (biggest return-on-investment) project elements,.4

of those requiring capital investments which are within some range of -5-

expected affordability. As these are completed and productivity

increases, etc., further project construction could be initiated.

Toward the objective of establishing basin-wide water resource

programs which reflect not only affordability but also appropriate •

project priorities, an ad hoc water resources commission (interagency
planning team) could be formed. A tentative, and perhaps partial,
list of agencies that should be considered in the formation of this
commission was developed by the Corps' team. The broad makeup S

reflects the similar approaches now being taken in the United States
to water resource problems (exanple: the newly formed Inland Waterway
Users Board, which will advise the Corps on planning for changes and
inprovements to the inland navigation system of the United States).
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Water Resource Commission
(Tentative list of agencies to consider)

6
National Economic Planning Council (CONSUPLANE)
National Agrarian Institute (INA)

Ministry of Natural Resources (MMN
Secretariat of Ccmunication, Public Works and Transportation (SOOPT)

National Port Authority (ENP)
(CPEM (The Emergency management Agency of Honduras)

U.S. Enbassy (Cbserver)
U.S. Agency for International Development (USPID) (bserSver)

Japan International Cooperation Agency (JICA) (Cbserver)

National Agricultural Development Bank (BANNESA)
National Forestry Corporation (COHDEOR)

Agri-industrial Cooperative for African Oil Palm (COPAIA)
Banana Corporation of Honduras (COHBAA)

National Power Corporation (ENEE)
Honduran Federation of Land Reform Cooperatives

National Railway Corporation (FNH)
Inter-American Development Bank (observer)

Honduran Agricultural Marketing Institute (IFHA)

National Union of Comesinos (UC)
Honduran Federation of Land Reform Cooperatives (FCDERA)
Selected Private Sector Representatives (example: Standard Fruit

Company)

The final mebership of such a comission would of course be decided
.- /

by the Goverruent of Honduras. If sae level of techical assistance

from the U.S. Army Corps of Engineers was desirable, then appropriate

steps to establish this must be initiated by the Government of
Honduras. Guidance for obtaining technical assistance is contained in

U.S. COE Engineering Regulation 1-1-23 dated April 1979 entitled
'Technical Assistance to Foreign Governments.* This regulation
established policy, assigns responsibilities, and provides guidance

and procedures for technical assistne furnished to friendly foreign

governments by the Corps of Engineers. Additional guidance is

C-13
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contained in a letter of instruction from DAEN-IA dated 1 December

1981. The subject of this letter is *Technical Assistance to Friendly

Nations". It provides information, instruction, and guidance in the

development of technical assistance programs for friendly nations.

The major focus of this assistance is the exchange of technology

relating primarily to capital projects and infrastructure development.

The programs are acccplished under the Foreign Assistance Act (FA) of

1961, as amended, and administered by the Department of State through

the Trade Development Program (TDP) Agency for International ',

Development (AID).

On the following page a list is presented showning the path of request

for assistance and the particular interest of each reviewer.
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PBESTS FRI FRIENDLY NATION S --

FOR TMWHNCAL ASSISTACE FRQ.1-"
THE U.S.- ARMY MOMP OF ENGINEES <.

:. Interest in obtaining the technical assistance of the U.S. Army Corps
of Engineers is pursued by a written request through the below listed

channels and coppleted by the development, approval and signing of a /"
memorandum of Agreement between the U.S. Army Corps of Engineers and .,
the interested nation. The U.S. Army Corps of Engineers must not ",

compete with private sector consultants, therefore this question A

should be addressed specifically in any request for assistance. , /

PJATH OF RMM INTEREST OF AP.PROVER-
U.S. Embassy - Friendly Nation Priority of Needs in Country/U.S.

Presence". .
U.S. State Department - Washington Friendly Goverret/International -

Poli..

Office of management and Budget (OM4B) Capetition with Private Enterprize v..
Washington (Consultants) .'.

Department of Defense (DOD)-Washington National Defense/Security
Assistant Secretary of the Army for Civil Works Mission of the Corps of ..-

Civil Works (ASA(CK)) - Washington Engineers : .
Chief of Engineers office (OCE) - Manpower to do the work requested .,

Washington,,14 %,'

_/Based on information provided by Mr. Frank A. DiMatteo, Chief, €,

a Aa O
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